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I. REAL PARTY IN INTEREST 

This application is owned by Celltech Pharma Europe Limited. 

H. RELATED APPEALS AND INTERFERENCES 
There are no related appeals or interferences. 

m. STATUS OF THE CLAIMS 

Claims 1-8 are pending in application Serial No. 09/928,139 (hereinafter the '139 
application) and are under final rejection. The final rejection of claims 1-8 is hereby appealed. 

IV. STATUS OF AMENDMENTS 

No amendments to the claims were filed subsequent to the final Office Action dated 
December 19, 2003. The claims as currently pending are attached hereto in Appendix A. 

V. SUMMARY OF THE INVENTION 

The subject invention provides methods for obtaining single enantiomer d-threo- 
methylphenidate or /-^reo-methylphenidate. Methylphenidate is a therapeutic agent used in the 
treatment of attention-deficit hyperactivity disorder (ADHD). Methylphenidate contains two chiral 
centers in the molecule and, therefore, racemic methylphenidate is made up of four separate 
stereoisomers: rf-^reo-methylphenidate, /-/Areo-methylphenidate, t/-ery*Aro-methylphenidate, and l- 



H:\D0C\APPEALBRIEF\GJE-136D1. DOC/DNB/sl 



2 Docket No. GJE-136D1 

Serial No. 09/928,139 

eryfAra-methylphenidate. Of the four stereoisomers, the rf-^reo-methylphenidate isomer is consider 
to have the preferred therapeutic activity. A mixture containing both the rf-^reo-methylphenidate 
and the /-^reo-methylphenidate stereoisomers can be resolved into the individual d-threo- 
methylphenidate and /-/Areo-methylphenidate stereoisomers using standard resolution methods 
known in the art, examples of which are described in the subject specification (see page 3, lines 2-6). 
However, following the resolution step, it is desirable to be able to recycle the unwanted 
stereoisomer so as to minimize waste and provide for an economically viable process for producing 
the desired single stereoisomer of methylphenidate. The subject invention provides for recycling of 
the unwanted stereoisomer based on Appellants' discovery of means to effect racemisation of a 
single stereoisomer of methylphenidate at both chiral centers of the molecule so as to produce a 
racemic mixture of all four stereoisomers, which can then be resolved into the individual 
stereoisomers and the cycle continued. The specification of the ' 1 39 application, at page 3, lines 12- 
20, describes treatment of the unwanted stereoisomer with an acid in order to effect racemization of 
the unwanted single stereoisomer at both chiral centers of the molecule to produce a racemic mix of 
all four stereoisomers. A specific embodiment for racemization of the unwanted stereoisomer using 
a carboxylic acid and heat is described at page 3, lines 13-15, of the subject specification. Methods 
for resolving enantiomers of methylphenidate using a chiral acid, such as 0,0'-ditoluoyltartaric acid, 
are described at page 3, lines 3-4 and lines 20-21, of the subject specification. 



VI. ISSUES 

Three issues remain for resolution: 

A. Whether the claim to foreign priority under 35 USC 35 § 1 19 will be acknowledged in the 
subject * 139 application. 

B. Whether claims 1-8 are unpatentable under 35 USC § 103(a) as obvious over any of: 1) 
Shafi'ee et al (1969) in view of Barry (1993) or Miller (abstract (1980) and U.S. Patent No. 
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4,254,261); 2) Shafi'ee et al (1969) in view of Barry (1993) or Miller (abstract (1980) and U.S. 
Patent No. 4,254,261) further in view of Rometsch (U.S. Patent No. 2,957,880); or 3) Shafi'ee et al 
(1969) in view of Barry (1993) or Miller (abstract (1980) and U.S. Patent No. 4,254,261) further in 
view of Rometsch (U.S. Patent No. 2,957,880) and Jacques (198 1) supplemented with Harris (U.S. 
Patent No. 6,242,464). 

C. Whether the Harris patent (U.S. Patent No. 6,242,464) is disqualified as prior art under 35 
USC § 103(c) in the rejection under 35 USC § 103(a) in which the Harris patent is cited. 

D. Whether claim 1 is unpatentable under 35 USC §112, first paragraph, on the grounds that 
the specification of the ' 139 application does not enable a person of ordinary skill in the art to make 
and/or use the claimed invention. 

VH. GROUPING OF CLAIMS 

Claims 1-8 are rejected under 35 USC § 103(a) as obvious over Shafi'ee etal (1969) in view 
of Barry (1993) or Miller (abstract (1980) and U.S. Patent No. 4,254,261). Claims 1-8 do not stand 
or fall together under this rejection. 

Claims 1-8 are rejected under 35 USC §103(a) as obvious over Shafi'ee etal. (1969) in view 
of Barry (1993) or Miller (abstract (1980) and U.S. Patent No. 4,254,261) further in view of 
Rometsch (U.S. Patent No. 2,957,880). Claims 1 -8 do not stand or fall together under this rejection. 

Claims 1-8 are rejected under 35 USC §103 (a) as obvious over Shafi'ee et al (1969) in view 
of Barry (1993) or Miller (abstract (1980) and U.S. Patent No. 4,254,261) further in view of 
Rometsch (U.S. Patent No. 2,957,880) and Jacques (1981) supplemented with Harris (U.S. Patent 
No. 6,242,464). Claims 1-8 do not stand or fall together under this rejection. 
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Claim 1 is rejected under 35 USC § 1 12, first paragraph, as nonenabled by the specification of 
the subject '139 application. Claim 1 stands alone under this rejection. 

Vm. ARGUMENT 

A. The '139 application is entitled to a claim of foreign priority under 35 USC §119. 

In the Office Actions in the subject '139 application, the Examiner has not acknowledged 
Appellants' claim to foreign priority under 35 USC §119 although such claim was brought to the 
Examiner's attention in three separate communications to the Patent Office, two of which included a 
copy of Appellants' formal claim to foreign priority that was originally submitted with the filing of 
the '139 application. In the Office Action dated December 19, 2003, the Examiner again did not 
acknowledge Appellants' claim to foreign priority, stating that the "records of filing and claiming 
such benefit under 35 USC 1 19 be made of record for [the '139] application." Appellants note that 
the original priority documents were made of record in the parent application and, pursuant to MPEP 
§20 1.1 4(b), it should not be necessary for Appellants to resubmit the documents from the parent 
application. However, attached as Appendix B of this Appeal Brief is a copy of Appellants' "Claim 
of Priority Under 35 USC 1 19" which was submitted with the filing of the subject '139 application 
on August 10, 2001. Also attached to the "Claim of Priority Under 35 USC 1 19" is a copy of the 
foreign applications, Great Britain application Nos. 9602174.6 and 9618836.2, to which priority is 
claimed for the subject ' 1 39 application. Acknowledgement of Appellants' claim to foreign priority 
under 35 USC §1 19 for the subject '139 application is respectfully requested. 

B. Claims 1-8 are not prima facie obvious over any combination of: 

i) Shafi'ee et al. (1969) in view of Barry (1993) or Miller (abstract (1980) and U.S. 
Patent No. 4,254,261); 

ii) Shafi'ee et al. (1969) in view of Barry (1993) or Miller (abstract (1980) and U.S. 
Patent No. 4,254,261) further in view of Rometsch (U.S. Patent No. 2,957,880); or 
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iii) Shafi'ee et al. (1969) in view of Barry (1993) or Miller (abstract (1980) and U.S. 
Patent No. 4,254,261) further in view of Rometsch (U.S. Patent No. 2,957,880) and Jacques 
(1981) supplemented with Harris (U.S. Patent No. 6,242,464). 

1. Statement of the rejections under 35 USC § 103(a). 

Claims 1-8 are unpatentable under 35 USC § 103(a) as obvious over a) Shafi'ee et al. (1 969) 
in view of Barry (1993) or Miller (abstract (1980) and U.S. Patent No. 4,254 5 261); b) Shafi'ee et al 
(1969) in view of Barry (1993) or Miller (abstract (1980) and U.S. Patent No. 4,254,261) further in 
view of Rometsch (U.S. Patent No. 2,957,880); or c) Shafi'ee et al (1969) in view of Barry (1993) 
or Miller (abstract (1980) and U.S. Patent No. 4,254,261) further in view of Rometsch (U.S. Patent 
No. 2,957,880) and Jacques (1981) supplemented with Harris (U.S. Patent No. 6,242,464). 

The basis for the rejections on the combination of Shafi'ee et al (1969) in view of Barry 
(1993) or Miller (abstract (1980) and U.S. Patent No. 4,254,261), as set forth in the Office Action 
dated September 28, 2001, is quoted below: 

Determination of the Scope and Content of the Prior Art (MPEP $2141.02) 
Shaflee et al disclosed process of making single R,R-threo-methylphenidate (see 
abstact last three lines). 

Ascertainment of the difference between the prior art and the claims ( MPEP $2141.02) 
Shaflee et al disclosed all the elements of the claim except that a further 
racemization step was not included. Barry taught that in preparation of amino acid 
esters analogous to the claims, racemization of such ester is achieved under acidic 
conditions (see acetic acid) and recycling through racemization of the other isomer 
would give more of the intended isomer (see Miller Ca94 and '261 col. 1 line 64-66). 

Finding of prima facie obviousness-rational and motivation (MPEP $2142-2143) 
One having ordinary skill in the art is deemed to be aware of all pertinent art in the 
field. The above references placed the single enantiomer, process of making and 
alternative choices for increasing single isomeric form in the possession of artisan in 
the field. It would have been prima facie obvious to employ a conventional 
modification of Barry or Miller for the conventional process of Shaflee because 
producing higher yield of a desirable isomer is expected which are the attributes 
taught by prior art. 
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Based on the combination of references cited, the Examiner concludes that the invention set 
forth in claims 1-8 would have been obvious to a person of ordinary skill in the art. 

2. A prima facie case of obviousness has not been established against claims 1-8. 

Appellants respectfully assert that the claimed invention is not obvious over the cited 
references, regardless of whether the references are taken alone or in combination. In order to 
establish a prima facie case of obviousness, the prior art must teach or suggest each and every 
element and limitation of the claimed invention, and provide a reasonable expectation of success that 
the modification or combination will succeed In re Dow Chemical Co, , 5 USPQ2d 1 529 (Fed. Cir. 
1988). A prima facie case of obviousness has not been established against claims 1-8 in the subject 
4 1 39 application because none of the cited references, either alone or in the combination asserted by 
the Examiner, teach or suggest each and every element of Appellants' claimed invention, nor do they 
provide the required reasonable expectation of success. 

The claimed invention of the subject '136 application relies on racemization of a single 
enantiomer of methylphenidate. The product of such racemization is all four possible enantiomers of 
methylphenidate. Methylphenidate has the following structure, wherein each * represents a chiral 
center within the molecular structure: 




As can be understood from the above structure, methylphenidate has two chiral centers within the 
molecule. Appellants acknowledge that the primary reference relied upon by the Examiner, Shafi'ee 
et al (1969), which the Examiner and Appellants have mistakenly referred to as the "Shaflee" 
reference throughout prosecution of the subject '139 application, discloses methylphenidate; 
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however, the Shafi'ee et al. reference does not teach or suggest methods for racemizing 
methylphenidate (or any other single molecule with two chiral centers) at both of the chiral centers in 
the molecule, i.e., wherein every one of the four possible stereoisomers of methylphenidate is 
produced. The Examiner acknowledged in the Office Action dated September 28, 2001 that the 
Shafi'ee et al reference does not teach a racemization step. Appellants respectfully assert that none 
of the other references cited in the rejections under 35 USC §103 teach or suggest methods for 
racemizing methylphenidate at both of the chiral centers in the molecule. Appellants' discovery and 
utilization of a means for racemizing methylphenidate at both chiral centers of the molecule is a 
critical aspect of the invention that the Examiner has apparently failed to appreciate or take into 
consideration when applying the references cited under the rejections. 

Prior to Appellants' invention, there was no teaching or suggestion in the art of being able to 
racemize methylphenidate at both of the chiral centers of the molecule. This is evidenced by the lack 
of a reference being cited by the Patent Office specifically teaching the racemization of a single 
enantiomer of methylphenidate so as to produce all four possible stereoisomers. Appellants assert 
that none of the references (other than the Shafi'ee et al reference, as acknowledged above) cited by 
the Examiner under these rejections teach or suggest a single molecule that has two chiral centers 
within the molecule itself. In making the rejections under 35 USC. §103, no evidence or references 
have been presented or cited by the Patent Office which teach or suggest, with the required 
reasonable expectation of success, how an ordinarily skilled artisan might effect racemization of a 
single enantiomer of methylphenidate at both chiral centers of the molecule. The fact that at the time 
of the subject invention methylphenidate was known in the art and that methylphenidate was known 
to have two chiral centers does not put the ordinarily skilled artisan in possession of a means for 
racemizing a single stereoisomer of methylphenidate to produce all four stereoisomers of 
methylphenidate in the absence of a teaching in the art of a means to effect such a racemization. The 
Examiner has not indicated where in any of the cited references one can find a teaching or suggestion 
of a means for racemizing a single enantiomer of methylphenidate (or even an enantiomer of some 
other molecule having a chemical structure similar to methylphenidate and having two chiral centers) 
that would have predictably produced all four possible stereoisomers of methylphenidate. Appellants 
respectfully submit that the Examiner has not indicated where in the cited references one can find the 
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requisite teaching or suggestion because none of the cited references disclose a means for racemizing 
a single enantiomer of methylphenidate, or a molecule that has two chiral centers and that is 
structurally analogous to methylphenidate, into all four possible stereoisomers. 

The secondary references cited by the Examiner in the Office Actions in the subject '139 
application do not overcome the deficiencies of the primary reference. Under each of the 
obviousness rejections, the Examiner asserted that the Barry reference taught "that in preparation of 
amino acid esters analogous to the claims, racemisation of such ester is achieved under acidic 
conditions (see acetic acid)" and that the Miller references taught "recycling through racemization of 
the other isomer would give more of the intended isomer." The Rometsch patent was cited in the 
Office Action dated September 28, 2001 as teaching that the "separation of enantiomers can be 
carried out before or after esterification process" is conventional. The Jacques and Harris references 
were cited in the September 28, 2001 Office Action as teaching that "continued purification of the 
product through resolution with a resolving agent" is conventional and operable. 

In regard to the Barry reference, Appellants respectfully assert that the amino acid esters {e.g. , 
leucine methyl ester) disclosed in the Barry reference have only one chiral center within the 
molecule itself. Thus, any racemization that may be taught in the Barry reference is racemization of 
a molecule with a single chiral center, and not racemization of a single molecule with two chiral 
centers as provided in Appellants' claimed invention. Therefore, the amino acid esters taught in the 
Barry reference are not structurally analogous to methylphenidate and the racemization of such 
amino acid esters is not analogous to the racemization of methylphenidate. Accordingly, Appellants 
respectfully assert that the Barry reference does not teach or suggest an individual molecule that has 
two chiral centers formed by the structural arrangement of the atoms of the molecule and, moreover, 
does not teach or suggest anything concerning a means for racemizing a molecule, such as 
methylphenidate, having two chiral centers so as to produce all four possible stereoisomers from a 
single enantiomer of the molecule. 

Appellants also respectfully assert that the compound that is described in the Miller 
references (abstract (1980) and U.S. Patent No. 4,254,261), homopyrrolidone carboxylic acid 
(hereinafter referred to as HPCA), has only one chiral center. The HPCA compound, whose 
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resolution is disclosed in the Miller references, is represented by the following formula, wherein the 
* represents a chiral center: 



Appellants stress that the above compound, like the amino acid esters described in the Barry 
reference, has only one chiral center within the molecule itself. The '261 Miller patent specifically 
states, at column 1, lines 58-60, that HPCA exists as "the S-enantiomer, the R-enantiomer, and the 
R,S-racemate." Thus, it is clear from the disclosure in the Miller references that HPCA has one 
chiral center and, therefore, can exist only as two ( not four ) enantiomers: R-HPCA and S-HPCA. 
Dehydroabietylamine (DAA) is a chiral molecule, which is disclosed in the '261 Miller patent as 
forming a salt with HPCA; however, racemization of DAA is not described in the cited Miller 
references. Only a racemic mixture of R-HPCA and S-HPCA as free acid, or the mixture of the salts 
R-HPCA.DAA and S-HPCA.DAA, is described in the cited Miller references. Although a mixture 
of the salts R-HPCA.DAA and S-HPCA.DAA is formed, the enantiomeric salts (different 
enantiomers of HPCA; same enantiomer of DAA) are separated. Otherwise, these would be no 
effective resolution. Moreover, the formation of a salt between HPCA and DAA is not equivalent to 
a single molecule having two chiral centers, wherein an enantiomer of the single molecule can be 
racemized to form four separate, distinct stereoisomers. 

As noted above, it is only HPCA that is disclosed in enantiomeric forms and it only has a 
single chiral center. The Miller abstract merely discloses racemizing an enantiomer of HPCA. 
Specifically, the Miller abstract discloses racemizing either enantiomer of HPCA (referred to therein 
as the "D" and "L" enantiomers) by heating the enantiomer at 205-250 degrees for a few minutes, 
followed by resolution of the racemate into D-HPCA and L-HPCA, wherein the L-HPCA was then 
racemized for recycling into a resolution step. There is no teaching or suggestion in the Miller 
abstract of racemizing an enantiomer of a molecule that has two chiral centers. In addition, the 
Miller abstract does not teach or suggest racemization by reacting an unwanted enantiomer with an 
acid, as is recited in Appellants' claims. Thus, the Miller references do not teach or suggest an 
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individual molecule that has two chiral centers formed by the structural arrangement of the atoms of 
the molecule, nor do the Miller references teach or suggest means for racemizing a single enantiomer 
of a molecule with two chiral centers to give all four different stereoisomers. It is only the disclosure 
in the subject application that teaches racemization of an enantiomer of methylphenidate into all four 
stereoisomers. 

In addition, the Examiner has not provided any scientific basis to support the assertion in the 
Office Action dated September 28, 2001 that one would only have to employ a "conventional 
modification" of [the methods of] Barry or Miller to render Appellants' claimed process obvious. 
The Examiner has failed to state in the Office Actions what that "conventional modification" is, or 
why it would be considered "conventional." In establishing a prima facie case of obviousness, the 
burden is on the Patent Office to provide an evidentiary basis for asserting logic and scientific 
principles in support of the rejection. In re Grose, 201 USPQ 57 (CCPA 1979). 

In response to Appellants' arguments regarding the failure of the cited references to teach or 
suggest a means for racemizing a molecule, such as methylphenidate, having two chiral centers 
within one molecule so as to produce all four possible stereoisomers from a single enantiomer of the 
molecule, the Examiner stated in the Office Action dated December 19, 2003 that 

Applicant's argument is based on racemization of the "two chiral" center. Please 
note that racemization involving two chiral center was disclosed by Miller see 
col. 2 R,S-HPCA.DAA etc. which are material with two chiral center which are 
racemized for additional S-enantiomer (see col. 1 line 65-66). Criticality in 
racemization into "four" enantiomers, thus, is not because of the "two" chiral centers 
but the conditions employed to ensure all four enantiomers are formed 
simultaneously. Just because the prior art such as Rometsch did not name all four 
enantiomers, does not mean the racemization using the same acid would not give all 
four enantiomers. Such can only be obviated by factual comparison, (emphasis 
added) 

As an initial matter, Appellants assert that the '261 Miller patent, which the Examiner appears to be 
referencing in the remarks quoted above, does not teach or suggest methods for racemization of 
HPCA. Nowhere in the c 26 1 Miller patent is racemization of an enantiomer of HPCA into a mixture 
of R-HPCA and S-HPCA taught; all of the disclosure in the '261 Miller patent is directed to starting 
with a racemic mixture , i.e., R,S-HPCA, and resolving the racemate to produce a single enantiomer 
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of HPCA. Resolution of a racemic mixture to obtain an enantiomer is the opposite of racemization 
of an enantiomer to obtain a racemic mixture. The only mention of racemization in the '261 Miller 
patent is at column 1, lines 64-66, where it is indicated that the R-enantiomer of HPCA can be used 
to produce the S-enantiomer of HPCA upon racemization; however, the disclosure of the '26 1 Miller 
patent does not teach how to racemize the R-enantiomer (or the S-enantiomer) to produce a racemic 
mixture of HPCA. The Miller abstract, as noted in the preceding paragraph, does disclose 
racemizing an enantiomer of HPCA; however, as is also noted in the preceding paragraph, there is no 
teaching or suggestion in the Miller abstract of racemizing an enantiomer of a molecule that has two 
chiral centers. In addition, the Miller abstract does not teach or suggest racemization by reacting an 
unwanted enantiomer with an acid, as is recited in Appellants' claims. 

If one assumes from the Examiner's statement in the December 19, 2003 Office Action 
"... R,S-HPCA.DAA etc. which are [sic] material with two chiral center ..." that the Examiner is 
asserting that "R,S-HPC A.D AA" described in the '26 1 Miller patent is a single molecule having two 
chiral centers, then Appellants respectfully disagree and assert that the Examiner has not understood 
the arguments that Appellants have made throughout the prosecution of the subject ' 1 39 application. 
The "R,S-HPCA.DAA" that the Examiner refers to in the '261 Miller patent is not a single 
molecule, but rather is a salt composition formed of one molecule of the organic compound HPCA 
and one molecule of the organic compound DAA. The individual chemical structure of HPCA is 
shown at column 1, lines 50-58, of the '261 Miller patent and the individual chemical structure of 
DAA is shown at column 2, lines 1-10, of the '261 Miller patent. Thus, two distinct molecules make 
up the R,S-HPCA.DAA salt composition. Appellants note that reference is made throughout the 
'261 Miller patent to the "R,S-HPCA.DAA salt" and that the salts can be converted to the HPCA 
free acid. Moreover, as noted previously, HPCA has only one chiral center and DAA may have only 
one chiral center. Furthermore, as Appellants have noted previously, the '261 Miller patent only 
discloses a racemate of the HPCA molecule itself; the DAA molecule does not undergo 
racemization. 

Appellants respectfully assert that any assumption by the Examiner that the use of 
racemization methods described in the cited references will result in racemization at both chiral 
centers of methylphenidate is incorrect . In the Office Action dated December 19, 2003, the 
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Examiner seems to suggest that all four stereoisomers of methylphenidate are produced from the 
method of the Rometsch patent but that the Rometsch patent simply "did not name all four 
enantiomers ..." Appellants respectfully assert that one need look no farther than the cited 
Rometsch patent as evidence that the prior art does not teach or suggest means to racemize 
methylphenidate at both of its chiral centers. Consideration of the molecular structure of 
methylphenidate would suggest to the ordinarily skilled artisan that one of the two chiral centers of 
the molecule can be racemized much more easily than the other, thereby leading to the production of 
fewer than all four possible stereoisomers. This is clearly supported by the experimental results 
disclosed in the Rometsch patent. Example 6 of the Rometsch patent discloses epimerisation of 
methylphenidate with base; however, only one of the two chiral centers of the methylphenidate 
molecule is racemized, which thereby results in a mixture of diastereomers (L e. , fewer than all of the 
four possible stereoisomers of methylphenidate are produced). The results disclosed in the Rometsch 
patent teach that when one started with a single enantiomer of methylphenidate, both chiral centers 
of methylphenidate were not racemized. 

Using the nomenclature of the Rometsch patent, the racemizations described at column 2, 
lines 19-27, of the patent are: 

1) aj + a2 -* ai + a 2 + bi + b 2 , 

2) ai-» ai+bi 
and 

3) a 2 -> a 2 + b 2 , 
wherein 

ai = <i-ery^w-methylphenidate 
a 2 = /-ery^ro-methylphenidate 

bi = c/-/Areo-methylphenidate 

b 2 = /-^reo-methylphenidate. 
In reaction (1), the starting materials include two different enantiomers (ai and a 2 ) of 
methylphenidate and, therefore, racemization is not proceeding from a single enantiomer starting 
material In reactions (2) and (3), only two of the four possible enantiomers result from each 
reaction. It is clear from the Rometsch patent disclosure that these conversions involve "scrambling" 
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at only one (not both) chiral center of the methylphenidate molecule. Column 2, lines 25-27, of the 
Rometsch patent confirms this, wherein it is stated that "... contrary to expectation the 
rearrangement in this process takes place at only one of the two asymmetrical carbon atoms." 
(emphasis added). Thus, it is explicitly acknowledged in the Rometsch patent disclosure that 
racemization of an enantiomer of methylphenidate did not result in racemization at both of the chiral 
centers of the molecule and, therefore, did not produce all four possible stereoisomers from a single 
enantiomer of methylphenidate. Accordingly, Appellants respectfully assert that the cited Rometsch 
patent teaches away from Appellants' claimed invention in that the Rometsch patent specifically 
discloses that racemization of methylphenidate occurs at only one of the two chiral centers of the 
molecule and, therefore, Appellants ability to racemize methylphenidate at both chiral centers to 
thereby produce all four stereoisomers from a single enantiomer of methylphenidate is not taught or 
suggested. 

Moreover, all racemization processes described in the Rometsch patent are in the a-* b 
direction. In contrast to the teachings of the Rometsch patent, the present invention goes in the 
opposite direction (b-> a); using the Rometsch nomenclature, either bi is racemized (at both chiral 
centers) or b2 is racemized (at both chiral centers), to give all of ai, a 2) bi, and hi (i.e., the four 
possible enantiomers). 

In the Office Action dated December 19, 2003, the Examiner also states in regard to the 
obviousness rejection of the claims: 

Applicants' attention is drawn to page 4 of the specification wherein the 
"nature" [sic] process of a single isomer will racemise into four enantiomer was 
described at lines 5-11 then the instant process of five steps was described wherein 
the process was the same as those scheme of page 2 that a dl-threo methylphenidate 
was resolved into single isomers d or 1 then the 1-isomer was racemized. Applicants 
provided no factual evidence to demonstrate that the very same compound of the 
prior art upon recamization [sic] would not give four enantiomers which is the nature 
[sic] outcome for such compound. 

Appellants are not entirely certain what point or argument the Examiner is trying to make concerning 
the rejection. However, it appears that the Examiner is referring to novel disclosure of the claimed 
invention in Appellants' own application, and not disclosure concerning the teachings of prior art. 



HAD0C\APPEALBRIEF\GJE-136Dl.D0C/DNB/sl 



14 Docket No. GJE-136D1 

Serial No. 09/928,139 

Appellants respectfully assert that the Examiner's statement that "Applicants provided no factual 
evidence to demonstrate that the very same compound of the prior art upon recamization [sic] would 
not give four enantiomers which is the nature [sic] outcome for such compound" is not relevant to a 
determination of the obviousness of the claimed invention because the Examiner has not cited any 
references which teach or suggest a method for the racemization of a single enantiomer of 
methylphenidate which results in all four enantiomers being produced. Patent law does not require 
that an applicant for patent prove the nonobviousness of an invention in the absence of a prior art 
teaching or suggestion of the invention. The Examiner has not provided any reasoning, explanation 
or evidence, grounded in scientific principles or logic, that supports the Examiner's position that the 
production of all four stereoisomers would result from the methods of the Shafi'ee et al reference, 
the Barry reference, the Miller abstract, the '261 Miller patent, the Rometsch patent, the Jacques 
reference, or the Harris patent. The Examiner also seems to suggest that Appellants must prove, by 
way of "factual evidence," that the methods of the cited art do not result in production of all four 
stereoisomers of methylphenidate. Before the burden shifts to Appellants, the Patent Office must 
establish a prima facie case of obviousness. In establishing a prima facie case of obviousness, the 
burden of providing reasoning or a scientific basis for asserting that the production of all four 
stereoisomers of methylphenidate occurred in the methods of the cited references lies with the Patent 
Office , and not with Appellants. In re Grose, supra at 63 (CCPA 1979) ("When the PTO seeks to 
rely upon a chemical theory, in establishing a prima facie case of obviousness, [the PTO] must 
provide evidentiary support for the existence and meaning of that theory."). Regardless, Appellants 
have established that the references cited by the Examiner, including the Rometsch patent, do not 
teach or suggest racemization of a single enantiomer of methylphenidate or of a single enantiomer of 
a molecule that has two chiral centers and is structurally analogous to methylphenidate, such that all 
four possible stereoisomers are produced by the racemization step. 

Appellants also note that dependent claim 8 specifies that the racemization step of claim 1 
comprises the use of a carboxylic acid and dependent claim 3 specifies that an achiral carboxylic acid 
is utilized. Appellants respectfully assert that the references cited under the § 103 rejections do not 
teach or suggest complete racemization of a single enantiomer of a molecule that has two chiral 
centers using a carboxyclic acid as in claim 8 or an achiral carboxylic acid as in claim 3. In the 
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absence of a teaching or suggestion in the art to effect complete racemization of the molecule using 
the claimed acid, a prima facie case of obviousness is not established for the claims. 

Also attached as Appendix C of this Appeal Brief is a Declaration of Dr. Hooshang S. 
Zavareh Under 37 CFR 1.132. Appellants also note that Dr. Zarareh's Declaration was submitted 
with the Amendment dated August 14, 2003 and, therefore, is already of record in the subject 4 139 
application. In his Declaration, Dr. Zavareh points out that racemization of an enantiomer of 
methylphenidate so that all four enantiomers are obtained requires abstraction of a proton. Dr. 
Zavareh states that it is, therefore, surprising that an acid , as is recited in the claimed method, could 
be used to racemize a single enantiomer of methylphenidate into all four possible enantiomers. 

In addition, Appellants have also attached as Appendix D of this Appeal Brief an article by 
Dr. Mahavir Prashad entitled "Approaches to the Preparation of Enantiomerically Pure (2R,2 7?)-(+)- 
/AreoMethylphenidate Hydrochloride" (2001, Adv. Synth. Catal, Vol. 343, No. 5, pp. 379-392). 
Appellants note that this article was published after the effective filing date of the subject '139 
application. Appellants also note that this article was submitted with the Amendment dated August 
14, 2003 and, therefore, is already of record in the subject application. The article indicates that the 
author, Dr. Prashad, is a senior fellow and group leader in the Process R&D section of Chemical and 
Analytical Development at the Novartis Institute for Biomedical Research. The article is a review 
article and concerns methods for producing enantiomerically pure methylphenidate. A portion of Dr. 
Prashad's article (from page 383, section 4) is reprinted below: 

A resolution process is more attractive and economical if the undesired enantiomer 
can be recycled via racemization. However, in the case of methylphenidate, such a 
racemization is challenging because there are two stereogenic centers which have to 
be epimerized. A method to affect the racemization at both stereogenic centers has 
been demonstrated by refluxing a solution of (2/?,27?j-f/zre0-methylphenidate (1) 
with propionic acid in toluene to afford a mixture of four stereoisomers in roughly 
equal proportions, (citing published International Application No. WO 97/28124) 
(emphasis added) 

First, Dr. Prashad indicates that "racemization [of methylphenidate] is challenging" because 
there are two chiral centers in the molecule. This is precisely the point that Appellants have argued 
during prosecution of the '139 application and that the Examiner has failed to appreciate: 
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racemization of a molecule having two chiral centers so as to produce all four possible stereoisomers 
is not conventional or obvious. It is the presence of two chiral centers in one molecule that makes 
complete racemization starting from a single enantiomer "challenging." Dr. Prashad also references 
published International Application WO 97/28124 as the first publication to describe a successful 
means for the complete racemization of a single enantiomer of methylphenidate into all four 
stereoisomers. Dr. Prashad does not reference any other publications as teaching or suggesting a 
means for racemization of single enantiomer methylphenidate into all four possible enantiomers. 
Published application WO 97/28124 application, a copy of which is attached with this Appeal Brief 
as Appendix E, is the corresponding international filing of the subject application. Appellants chose 
to file an international PCT application (international application No. PCT/GB97/0028 1 , which was 
published as WO 97/28124) and a separate U.S. utility application (i.e., application Serial No. 
08/792,415 filed February 3, 1997, which is the parent application to the subject '139 application) 
under 35 USC 1 1 1 (rather than designating the U.S. in the international application and subsequently 
filing a national stage application under 35 USC 371). Appellants note that the subject application 
and the WO 97/28124 application have identical inventorship, claim priority to the same British 
patent applications, and have the same disclosure in the specification. Thus, Dr. Prashad is, in 
essence, referencing the subject '139 application as teaching the first successful means for the 
complete racemization of a single enantiomer of methylphenidate into all four stereoisomers. 
Accordingly, Dr. Zavareh's Declaration Under 37 CFR 1.132 and the published article by Dr. 
Prashad provide further evidence as to the nonobviousness of claims 1-8 of the subject application. 

The subject * 1 39 application teaches how to racemize a single enantiomer of methylphenidate 
to produce all four individual enantiomers; this was both novel and nonobvious. The references 
cited by the Examiner do not teach or suggest how to racemize a single enantiomer of 
methylphenidate, or any other single molecule having two chiral centers, to produce all four 
individual enantiomers. In view of the above arguments and evidence presented herein, Appellants 
respectfully request reversal of all of the rejections set forth under 35 USC § 103(a). 
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C. The Harris patent (U.S. Patent No. 6,242,464) is disqualified as prior art under 35 
USC §103(c) in the rejection under 35 USC §103(a) in which the Harris patent is cited. 

Appellants note the subject '139 application was filed August 10, 2001 but is entitled under 
35 USC §120 to the benefit of the filing date of U.S. parent application Serial No. 08/792,414, filed 
February 3, 1997, which claims priority under 35 USC §1 19(e) to U.S. provisional application Serial 
No. 60/021,135, filed September 12, 1996. Because the subject '139 application was filed after 
November 29, 1999, it is entitled to the provisions of 35 USC §103(c). The Harris patent (U.S. 
Patent No. 6,242,464) was filed January 22, 1997 and claims priority to a provisional application 
filed March 21, 1996. Thus, U.S. Patent No. 6,242,464 only qualifies as prior art against the subject 
'139 application under 35 USC § 1 02(e). Appellants' undersigned representative previously stated in 
a clear and conspicuous manner in the Amendment dated August 14, 2003, that "at the time the 
invention of the subject application was made, the subject application and U.S. Patent No. 6,242,464 
were commonly owned by, or subject to an obligation of assignment to, Chiroscience Limited." In 
the Office Action dated December 19, 2003, the Examiner (apparently in response to Appellants' 
statement regarding common ownership submitted in the August 14, 2003 Amendment) stated that 
"the record of [the '139] application is not clear as to "common" ownership as described in the 
response. Submission of record is required." Appellants respectfully assert that the statement 
submitted in the August 14, 2003 Amendment is sufficient to disqualify U.S. Patent No. 6,242,464 
from being used in a rejection under 35 USC 103(a) against the subject '139 application. In regard to 
the evidence required to establish common ownership, section 706.02(1)(2), part n, of the MPEP 
instructs examiners that 

The following statement is sufficient evidence to establish common ownership of, or 
an obligation for assignment to, the same person(s) or organization(s): 

Applications and references (whether patents, patent applications, 
patent application publications, etc.) will be considered by the 
examiner to be owned by, or subject to an obligation of assignment to 
the same person, at the time the invention was made, if the 
applicants) or an attorney or agent of record makes a statement to 
the effect that the application and the reference were, at the time the 
invention was made, owned by, or subject to an obligation of 
assignment to, the same person. 
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See "Guidelines Setting Forth a Modified Policy Concerning the Evidence of 
Common Ownership, or an Obligation of Assignment to the Same Person, as 
Required by 35 U.S.C. 103(c)," 1241 O.G. 96 (December 26, 2000). The 
applicant(s) or the representative(s) of record have the best knowledge of the 
ownership of their application(s) and reference(s), and their statement of such is 
sufficient evidence because of their paramount obligation of candor and good faith 
to the USPTO. 

. . . Applicants may, but are not required to, submit further evidence, such 
as assignment records, affidavits or declarations by the common owner, or court 
decisions, in addition to the above-mentioned statement concerning common 
ownership, (emphasis added) 

Thus, the Patent Office's own rules and instructions clearly indicate that further evidence beyond the 
statement by Appellants' undersigned representative regarding common ownership of the subject 
'139 application and U.S. Patent No. 6,242,464 in the Amendment dated August 14, 2003 is not 
required and should have been accepted in the absence of an explanation by the Examiner of a reason 
to doubt the accuracy of the statement. In regard to the latter, MPEP section 706.02(1)(2), part n, 
states 



In rare instances, the examiner may have independent evidence that raises a 
material doubt as to the accuracy of applicant's representation of either (1) the 
common ownership of, or (2) the existence of an obligation to commonly assign, the 
application being examined and the applied U.S. patent or U.S. patent application 
publication reference. In such cases, the examiner may explain why the accuracy 
of the representation is doubted, and require objective evidence of common 
ownership of, or the existence of an obligation to assign, the application being 
examined and the applied reference as of the date of invention of the application 
being examined, (emphasis added) 

The Examiner in the subject 6 139 application has not indicated that evidence exists that raises a 
material doubt as to the accuracy of the statement by Appellants' representative, nor has the 
Examiner offered an explanation why the accuracy of the statement by Appellants' undersigned 
representative is in doubt. Therefore, Appellants respectfully assert that the Examiner's refusal to 
accept the statement regarding common ownership of the subject 4 139 application and Patent No. 
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6,242,464 is not in compliance with MPEP 706.02(1)(2) part II. Accordingly, in the absence of an 
appropriate explanation for not accepting the statement regarding common ownership by Appellants' 
undersigned representative, Appellants respectfully assert that the statement should be accepted by 
the Patent Office. 

The subject '139 application is a continuation application of U.S. application Serial No. 
08/792,4 1 5 . The inventors assigned their rights in the 08/792,4 1 5 application in February of 1 997 to 
Chiroscience Limited. The assignment to Chiroscience Limited in the 08/792,415 application was 
recorded in the Patent Office on May 1, 1997, at reel/frame: 8483/0885. U.S. Patent No. 6,242,464 
was owned by Chiroscience Limited at the time the subject invention was made. Chiroscience 
Limited is listed as the assignee on the front cover of U.S. Patent No. 6,242,464 and the assignment 
to Chiroscience Limited was recorded in the Patent Office on April 28, 1997, at reel/frame 
8477/082 1 . Appellants' undersigned representative hereby states again that, at the time the invention 
of the subject ' 1 39 application was made, the subject application and U.S. Patent No. 6,242,464 were 
commonly owned by, or subject to an obligation of assignment to, the same entity: Chiroscience 
Limited. Accordingly, under 35 USC § 103(c), the subject matter of the Harris patent cannot be used 
in a rejection of the claimed invention under 35 USC §103 (a) and reversal of the rejection set forth 
under 35 USC § 103(a) citing the Harris patent is respectfully requested. 

D. Claim 1 is enabled under 35 USC §112, first paragraph. 

L Statement of the rejection under 35 USC §112, first paragraph. 

Claim 1 is rejected under 35 USC §112, first paragraph, as containing subject matter which 
was not described in the specification in such a way as to enable one skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and/or use the invention. 

The Examiner's explanation of the rejection from the Office Action dated December 19, 
2003, is set forth below: 

The specification lacks sufficient description to the instant claims because it 
is noted that the first step of the instantly claimed process is to resolve dl-threo- 
methylphenidate by the procedure described in the example of PCT/GB97/00185 
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which is now made of record. Please note that incorporation by reference of essential 
material is limited to US patent only. Proper incorporation of such material to the 
specification must be made. The incorporation of material as now amended in the 
specification has been entered. 

The material made by example of PCT/GB97/00185 is the ditoluoyl-D- 
tartrate salt of /-^reo-methylphenidate and ditoluoyl-D-tartrate salt of d-threo- 
methylphenidate. No descriptive support can be found as to how such salt is 
racemized (see p.2 scheme 1) nor was there any descriptive support as to how the two 
ditoluoyl-D-tartrate salt can be embraced by scheme 1 of the instant specification, or 
the claimed process. 

Further, it is irrelevant arguments presented by applicants as to criticality of 
how many chiral center when "what" is being made, is it methylphenidate or 
methylphenidate ditoluoyl-D-tartrate; or "what" is being racemized, is it 
methylphenidate or methylphenidate ditoluoyl-D-tatrate; were not sufficiently 
disclosed in the specification. 

Under this rejection, the Examiner indicates that International Application No. PCT/GB97/00185 
discloses the resolution of <#-*Areo-methylphenidate into a ditoluovl-D-tartrate salt of d~threo- 
methylphenidate and a ditoluovl-D-tartrate salt of /-^reo-methylphenidate and that this disclosure 
has been incorporated into the specification of the subject ' 139 application by the Amendment dated 
August 14, 2003. The Examiner seems to suggest that there is no descriptive support in the subject 
'139 application for racemization of the ditoluovl-D-tartrate salts of d-threo- and l-threo- 
methylphenidate and no descriptive support as to how the salts can be used in Appellants' claimed 
invention. 

2. A prima facie case of nonenablement of claim 1 has not been established. 

It is well established that when making a rejection of a claim under 35 USC §112, first 
paragraph, on the grounds that the specification does not enable the rejected claim, the Patent Office 
bears "the initial burden of setting forth a reasonable explanation as to why it believes that the scope 
of protection provided by [the] claim is not adequately enabled by the description of the invention 
provided in the specification." In re Wright, 27 USPQ2d 1510,1513 (Fed. Cir. 1 993). The examiner 
must also provide evidence or properly reasoned statements in the rejection supporting or explaining 
the asserted failure to comply with 35 USC §112, first paragraph. In re Wright, supra. 
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In the subject ' 1 39 application, the Examiner has not provided a reasonable explanation as to 
why claim 1 is not enabled. Appellants respectfully assert that the rejection, as set forth in the 
December 19 Office Action, is confusing on its face. As noted above, the Examiner has only 
indicated that the subject specification does not describe racemization of the ditoluovl-D-tartrate salts 
of d-threo- and /-f/*ra?-methylphenidate or how such salts could be used in the claimed process. The 
Examiner has not set forth any evidence or reasoning as to why a person of ordinary skill in the art 
would expect that ditoluovl-D-tartrate salts of d-threo- and /-f/zreo-methylphenidate could not be 
racemized or utilized in the claimed process. Accordingly, Appellants respectfully assert that a 
prima facie case of nonenablement of claim 1 has not been established. 

3. Methods for the resolution of <i/-//ireo-methvlphenidate into the d-threo and l-threo 
enantiomers are taught in the subject '139 specification and are known to a person of 
ordinary skill in the art. 

Appellants have repeatedly stressed in their written responses to this rejection that the 
resolution process disclosed in International Application No. PCT/GB97/00185 is but a single 
example of a resolution process that can be used to resolve <#-^reo-methylphenidate into the d-threo 
and l-threo enantiomers. Resolution using standard procedures, such as by formation of a 
diastereomeric salt using a chiral acid, is disclosed at page 3, lines 3-4, of the subject '139 
application. Many other methods of resolution are known in the art and include, for example, the use 
of 1 , 1 '-binaphthyl^^'-diyl hydrogen phosphate as described in Patrick et al. (1987), The Journal of 
Pharmacology and Experimental Therapeutics 241:152-158 and the use of 0, 0' -diaroyltartaric acid 
as described in International Application No. PCT/GB97/001 85, both of which are described at page 
1, lines 15-21, of the specification of the subject '139 application. 

In addition, as is indicated in International Application No. PCT/GB97/00185, methods for 
converting the resolving agent salt of methylphenidate (e.g., ditoluoyl-D-tartrate) to the 
hydrochloride salt via salt exchange procedures are also well known in the art. Accordingly, a 
person of ordinary skill in the art can readily prepare the hydrochloride salt of methylphenidate for 
use in the subject invention. Moreover, the free base of methylphenidate can be obtained from a salt 
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via standard salt cracking methods that are well known in the art. Thus, one can readily prepare a 
base of methylphenidate from a ditoluoyl-D-tartrate salt of a methylphenidate enantiomer. 

It is well settled in patent law that there is no requirement that a specification teach that 
which is well known in the art. Hybritech, Inc. v. Monoclonal Antibodies, Inc., 231 USPQ 81 (Fed. 
Cir. 1986) citing Lindemann Maschinenfabrikv. American Hoist and Derrick, 221 USPQ 481 (Fed. 
Cir. 1 984), (". . . a patent need not teach, and preferably omits, what is well known in the art."). The 
subject specification provides written description and enables the resolution of methylphenidate and 
salts thereof. In addition, the subject specification provides written description and enables 
conversion of methylphenidate salts into methylphenidate free base. Accordingly, a person of 
ordinary skill in the art could readily practice the full scope of Appellants' claimed invention. 

Also in the Office Action dated December 19, 2003, under the rejection of claim 1 for 
nonenablement, the Examiner states the following: 

Based on the disclosure of pages 2-4 the claimed process as delineated in the 
scheme of page 2 does not required any criticality of how the two chiral center differ 
from the two chiral center of the prior art compound (please note Rometsch disclosed 
the same compound, thus, one skilled in the art would know there are the same two 
chiral center). Applicants provided no factual evidence to demonstrate that the very 
same compound of the prior art upon recamization would not give four enantiomer 
which is the nature outcome for such compound. 

Appellants respectfully submit that it is unclear whether the Examiner's comments are directed to the 
rejection under 35 USC § 1 12, first paragraph. The above statement by the Examiner appears to be 
directed to the rejection of the claims under 35 USC § 103(a) as obvious over the cited references. 
However, Appellants will briefly address the Examiner's comments in this section of the Appeal 
Brief since the comments were associated with the rejection under 35 USC §1 12. 

Appellants' respectfully assert that the presence of the two chiral centers in methylphenidate 
is a critical aspect of the claimed invention and is entirely relevant to the patentability of the claimed 
invention. It is stated at page 2, lines 8-9, of the specification of the '139 application that "This 
invention is based on the discovery of methods to effect racemisation of both chiral centres of 
methylphenidate." As is noted at page 2, lines 3-6, of the specification of the ' 139 application, and 
as has been discussed in detail in this Appeal Brief in regard to the rejections under 35 USC §103(a), 
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the compounds disclosed in the references cited by the Examiner do not teach or suggest 
racemization of an enantiomer of a single molecule having two chiral centers wherein all four 
possible stereoisomers are produced by the racemization. Even the cited Rometsch patent, which 
Appellants acknowledge discloses methylphenidate, does not teach or suggest a means for 
racemizing methylphenidate from a single enantiomer. As Appellants have indicated in regard to the 
obviousness rejection and as is stated at page 2, lines 4-6, of the specification of the '139 application, 
the Rometsch patent only teaches a process for the production of "a mixture of two diastereomers 
and not... the racemate that is required for recycling [in the claimed method]." In regard to the 
Examiner's assertion that Appellants must provide factual evidence that racemization of the 
compounds disclosed in the cited references would not produce all four enantiomers, Appellants 
respectfully assert that no such evidence is required because the cited references do not teach or 
suggest anything concerning a means for racemizing a molecule, such as methylphenidate, having 
two chiral centers so as to produce all four possible stereoisomers from a single enantiomer of the 
molecule. The Rometsch patent does not teach or suggest racemization of all four stereoisomers of 
methylphenidate, and the remaining references do not teach or suggest racemization of an enantiomer 
of a molecule that has two chiral centers within the atomic structure of the molecule. 

In view of the arguments and remarks presented above, Appellants respectfully request 
reversal of the rejection set forth under 35 USC §112, first paragraph. 
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In view of the foregoing, Appellants urge that the Board reverse the 35 USC § 103(a) 
obviousness rejections and the 35 USC §112, first paragraph, enablement rejection of record in the 
subject '139 application and that this application be passed to issuance. 



Respectfully submitted, 

— - 

Doran R. Pace 

Patent Attorney 

Registration No. 38,261 

Phone No.: 352-375-8100 

Fax No.: 352-372-5800 

Address: Saliwanchik, Lloyd & Saliwanchik 
A Professional Association 
2421 NW 41st Street, Suite A-l 
Gainesville, FL 32606-6669 
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Currently Pending Claims 

1. A process for obtaining single enantiomer rf-f/jreo-methylphenidate or l~threo- 
methylphenidate, which comprises resolution of a mixture of the rf-f/areo-methylphenidate and /- 
fAreo-methylphenidate enantiomers; racemisation of the unwanted enantiomer, to give a mixture 
of all four stereoisomers, wherein the racemisation comprises reacting the unwanted enantiomer 
with an acid; enriching said mixture following racemisation wherein the d-threo and l-threo 
stereoisomers of methylphenidate are enriched over the d-erythro and l-erythro stereoisomers of 
methylphenidate; and separation of said d-erythro and l-erythro stereoisomers, to leave the said 
mixture of J-^reo-methylphenidate and /-//*reo-methylphenidate enantiomers for resolution. 

2. The process, according to* claim 1, wherein the single enantiomer obtained is the d- 
threo isomer, i.e., the isomers of (R,R) absolute configuration. 

3. The process, according to claim 1, wherein the racemisation comprises heating the 
unwanted enantiomer with an achiral carboxylic acid. 

4. The process, according to claim 1, wherein the separation is conducted following 
hydrolysis of the mixture of stereoisomers, to give ritalinic acid, and before or after re- 
esterification of the acid. 

5. The process, according to claim 4, which additionally comprises equilibrating the 
product of hydrolysis wherein the threo diastereoisomer is preferentially obtained. 

6. The process, according to claim 1, wherein the resolution is conducted using a chiral 

acid. 

7. The process, according to claim 6, wherein the acid is 0,0-ditoluoyltartaric acid. 

8. The process, according to claim 1, wherein the racemisation comprises heating the 
unwanted enantiomer with a carboxylic acid. 
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D.C. 20231 on Tu*^ 4_, j til • 

Patent Application 

(J a fj j Docket No. GJE- 136 
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David R. Saliwanchik, Patent Attorney 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
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As required by the Statute, a certified copy of each of the above Great Britain applications 
is being submitted herewith. 
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Resolution/racemization process 
Field of the Invention 

This invention relates to an economic process for the manufacture of a single isomer of 
methylphenidate through combining resolution with recycling of the undesired enantiomer. 

Background to the Invention 

Methylphenidate was first prepared as a mixture of the erythro [R*S*\ and three 
racemates. US-A-29 57880 discloses studies upon the two rscsmic mixtures, which revealed that 
the therapeutic activity resides in the three diastereoisomer. 

The resolution of three* methylphenidate can be achieved using the expensive resolving agent 
Lr-binaphthyl-2.2'-diyI hydrogen phosphate, a process first reported by Patrick et al (The 
Journal of Pharmacology and Experimental Therapeutics* 241: 152-158 (1987). Recently we 
have discovered a more efficient resolution with 0 > 0 , -diaroyitartaric acid (British Patent 
Application PCN0123) and in particular 0,<7-di-/>-toluoyltartaric acids where the 
diastereoisomeric salts are very readily separated. In general it is the d-threo [or (R,R)] 
enantiomer that is considered to have the preferred therapeutic activity. 

In an alternative approach disclosed in US-A-2957880, the amide of erythro methylphenidate 
(i.c. as -CONH 2 instead of -COJMe) is resolved with tartaric acid Then amide hydrolysis, and 
equilibration ai the benzylic centre gives the threo isomer of the carboxylic acid which is 
esterified. 

In order to establish an economic resolution process, it is highly desirable to be able to recycle 
the unwanted enantiomer into the resolution by way of a racemization. This becomes especially 
important when the resolution is performed late in a synthesis. An example of such a resolution 
and racemization procedure is the case of naproxen where the single stereogenic carbon centre, 
which is benzylic and further activated by the carboxylase, is readily racemized. However, in the 
case of methylphenidate, there are two stereogenic centres. While one centre is similarly 
benzylic and can be epimerized as indicated in US-A-2957880, that converts the material into 
a mixture of diastereoisomers and not into the racemate that is required for recycling. There is 
no method reported by which epimerization of the stereogenic centre adjacent to the piperidine 
nitrogen atom in methylphenidate can be effected. 

Description of the Invention 

This invention is based on the novel discovery of methods to effect epimerization of both chiral 
centres in methylphenidate. Such epimerization gives a thermodynamic mixture of isomers, and 
given that the equilibrium favours the ilvreo isomer, the rcsuLt is that undesired enantiomer is 
converted predominantly into the racemate of the threo isomer which can then be rcinput into 
the resolution. The overall process of a combination of resolution and racemization allows 
complete conversion into the required isomer is outlined in Scheme 1 . The minor amount of 
erythro isomer that may remain after the racemization can be separated by conventional methods 
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cyclohexen-l-one) forms an iminium ion which as well as acrivati-ng the elimination, could 
render the proton at the piperidine stereogenic centre sufficiency acidic to be removed by a base 
present Thus a typical procedure involves heating the unwanted enantiomer with an aldehyde 
and a base in an appropriate solvent. A further approach is to first acylate the nitrogen atom to 
activate it as a leaving group for Ihe acylation, though that has Lhe disadvantage that extra steps 
are required to add and remove the acyl function. 

An alternative strategy for effecting rac^mi ration of the undesired isomer is by a 
dehydrogenarion/hydrogenation sequence as depicted by Scheme 3. The procedure may be 
effected either stepwise or caralytically. Thus for example, the dehydrogenation could be by way 
of bromination at the benzylic position followed by dehy dxobrominadon to the olefin; then this 
olefin hydrogenated. In this sequence it is likely thai the geometric isomer of the olefin indicated 
i n Scheme 3 will be tbnned m preference because of the stabilisation of having the nitrogen and 
ester function in a trans relationship. Ic that event, the usual cis hydrogenation will give the 
required three* diastereoisomer of methyiphenidate. In a catalytic procedure, a catalyst is chosen 
that will remove and then reattach hydrogen. A heterogeneous catalyst such as a transition metal 
adsorbed on carbon or a homogeneous catalyst such as a phosphine complex of ruthenium or 
rhodium could be effective. 
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RESOLUT10N/RACEMIZATION PROCESS 
Field of the Invention 

This invention relates to an economic process for the manufacture of a single 
isomer of methylphenidate through combining resolution with recycling of the 

5 undesired enantiomer. 

Background to the Invention 

Methylphenidate was first prepared as a mixture of the erythro [R*S*] and 
threo [R*R*] racemates. US-A-2957880 discloses studies upon the two racemic 
mixtures, which revealed that the therapeutic activity resides in the threo 

10 diastereoisomer. 

The resolution of threo methylphenidate can be achieved using the expensive 
resolving agent 1 , 1 '-binaphthyl-2,2'-diyl hydrogen phosphate, a process first reported 
by Patrick et al, The Journal of Pharmacology and Experimental Therapeutics, 
241:152-158 (1987). A more efficient resolution with ^O'-diaroyltartaric acids is 

15 disclosed in British Patent Application No. 9601228.1 and in US Application Serial 
No. 60/013,779, filed March 21, 1996, the contents of which are incorporated by 
reference; in particular, using O,0'-di-/?-toluoyl tartaric acids allows the 
diastereoisomeric salts to be very readily separated. In general, it is the d-threo [or 
(R,R)] enantiomer that is considered to have the preferred therapeutic activity. 

20 In an alternative approach disclosed in US-A-2957880, the amide of erythro 

methylphenidate (i.e. as -CONH 2 instead of -C0 2 Me) is resolved with tartaric acid. 
Then amide hydrolysis, and equilibration at the benzylic centre, gives the threo 
isomer of the carboxylic acid which is esterified. 

In order to establish an economic resolution process, it is highly desirable to 

25 be able to recycle the unwanted enantiomer into the resolution by way of a 
racemization. This becomes especially important when the resolution is performed 
late in a synthesis. An example of such a resolution and racemization procedure is 
in the case of naproxen where the single stereogenic carbon centre, which is benzylic 
and further activated by the carboxylate, is readily racemized. However, in the case 

30 of methylphenidate, there are two stereogenic centres. While one centre is similarly 
benzylic and -can be epimerized as indicated in US-A-2957880, that converts the 
material into a mixture of diastereoisomers and not into the racemate that is required 



2 

for recycling. There is no method reported by which epimerizadon of the 
'/ stereogenic centre adjacent to the piperidine nitrogen atom in methylphenidate can 
be effected. 

Summary of the Invention 

5 This invention is based on the novel discovery of methods to effect 

epimerization of both chiral centres in methylphenidate. Such epimerization gives 
a mixture of isomers in which equilibrium may favour the threo isomer; the result 
is that undesired enantiomer is converted predominantly into the racemate of the 
threo isomer which can then be reintroduced into the resolution. The overall process 

10. of a combination of resolution and racemization that may allow complete conversion 
into the required isomer is outlined in Scheme 1. The minor amount of erythro 
isomer that may remain after the racemization can be separated by conventional 
methods such as crystallization at this stage and subjected further to the 
epimerization conditions defined below. Alternatively, it can be recycled after 

15 passage through resolution of the threo isomer. 
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Scheme 1 



In Scheme 1, the group X may be the -CC^Me function of methylphenidate 
and resolution carried out by known procedures, e.g. by formation of a 
diastereoisomeric salt with a chiral acid. Alternatively, the group X may be another 
30 resolvable function, e.g. a different ester, an amide, or a nitrile which can be 
converted into the methyl ester for methylphenidate. The resolution may be a 



biotransformation that modifies the group X in one enantiomer so that the 
enantiomers are then separated. 

The invention is the racemization which requires epimerization at both 
stereogenic centres. It has been discovered that such racemization can be carried out 
by way of activation at the piperidine nitrogen, to promote a fragmentation of the 
ring. The resultant olefmic intermediate has no chirality and recloses to a racemic 
mixture. Without wishing to be bound by theory, a possible mechanism is shown 
in Scheme 2 for the case of methylphenidate itself. 
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Scheme 2 

Description of the Invention 

There are various ways in which the nitrogen may be activated, to promote 
the elimination-addition mechanism. One approach is treatment with an acid, for 
example a carboxylic acid, at a sufficiently high temperature, such as heating with 
propionic acid under reflux. This reaction is suitably conducted in an inert solvent 
such as toluene. The racemization can optionally be accelerated by the judicious 
addition of amounts of additives such as water or inorganic salts that will favour the 
charge separation in the transition state of the elimination. 

In another method, treatment with an aldehyde or ketone (e.g. butyraldehyde 
or 2-cyclohexen-l-one) forms an iminium ion which, as well as activating the 
elimination, can render the proton at the piperidine stereogenic centre sufficiently 



acidic to be removed by a base- present. Thus a typical procedure involves heating 
the unwanted enantiomer with an aldehyde and a base in an appropriate solvent. 

An alternative strategy for effecting racemization of the undesired isomer is 
by a detiydrogenation/hydrogenation sequence as depicted by Scheme 3. Thus, for 
example, the dehydrogenation may be by way of bromination at the benzylic 
position, followed by dehydrobromination to the olefin; this novel olefin is then 
hydrogenated. In this sequence, it is likely that the geometric isomer of the olefin 
indicated in Scheme 3 will be formed in preference because of the stabilisation 
provided by having the nitrogen and ester functions in a trans relationship. In that 
event, the usual cis hydrogenation will give the required threo diastereoisomer of 
methylphenidate. In a catalytic procedure, a catalyst is chosen that will remove and 
then reattach hydrogen. For example, a heterogeneous catalyst such as a transition 
metal adsorbed on carbon or a homogeneous catalyst such as a phosphine complex 
of ruthenium or rhodium may be used. 




isomer 

threo 
racemate 



Scheme 3 

The following Example illustrates the invention. 
Example 

Propionic acid (2 ml) was added to a solution of d-threo methylphenidate (5 
g) in toluene (25 ml) and the solution was heated under reflux for 4 hours. The 
mixture was then cooled to ambient temperature and was rinsed with dilute sodium 
carbonate and then with water. The organic phase was separated and dried with 
magnesium sulphate and evaporated under reduced pressure. The resulting oil (4.3 



5 

g) was analysed by chiral HPLC which indicated the presence of all 4 stereoisomers 
of methylphenidate in roughly equal proportions. 



CLAIMS 

1. A process for obtaining a single enantiomer of methylphenidate, which 
combines resolution with racemization of the unwanted enantiomer, 

2. A process according to claim 1 , wherein the single enantiomer obtained is the 
d-threo isomer, i.e. the isomer of (R,R) absolute configuration. 

3. A process according to claim 1 or claim 2, wherein the racemization 
comprises heating the unwanted enantiomer with a carboxylic acid. 

4. A process according to claim 1 or claim 2, wherein the racemization 
comprises the addition, to the unwanted enantiomer, of an aldehyde or ketone. 

5. A process according to claim 1 or claim 2, wherein the racemization 
comprises dehydrogenation of the unwanted enantiomer, then hydrogenation of the 
resultant olefin. 

6. A process according to claim 5, wherein the dehydrogenation comprises 
halogenation then dehydrohalogenation. 

7. The olefin represented by formula 1 



or an iV-acyl or //-carbonyl derivative thereof. 
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Abstract: Various approaches to the preparation of 
enantiomerically pure (2J E i,2 , i?)-(+)-^reo-methyl- 
phenidate hydrochloride (1) are reviewed. These 
approaches include synthesis using enantiomeri- 
cally pure precursors obtained by resolution, classi- 
cal and enzyme-based resolution approaches, enan- 
tioselective synthesis approaches, and approaches 
based on enantioselective synthesis of (2S,2'R)-ery- 
j/iro-methylphenidate followed by epimerization at 
the 2-position. 

1 Introduction 

2 Methods for the Enhancement of Enantiomeric 
Purity of 1 

3 Approaches Using Enantiomerically Pure Pre- 
cursors Obtained by Resolution 



4 Classical Resolution Approaches 

4.1 Resolution of Amide and Acid Derivatives 

4.2 Resolution of (±)-rftreo-Methylphenidate 

5 Enzyme-Based Resolution Approaches 

6 Enantioselective Synthesis Approaches 

7 Approaches Based on Enantioselective Synthesis 
of (2S,2' J R)-crytftro-Methylphenidate and Epi- 
merization 

8 Conclusions 



Keywords: attention deficit hyperactivity disorder; 
enantioselective synthesis; enzymatic hydrolysis; 
(27?,270-tfireo-methylphenidate; resolution; ritahn 



1 Introduction 

Attention deficit hyperactivity disorder (ADHD) is the 
most commonly diagnosed behavioral disorder in 
children. ADHD persists across the full span of devel- 
opment, from preschool to school age and adoles- 
cence, and frequently continues into adult life. 111 The 
diagnosis of ADHD is a clinical rather than a specific 
medical diagnosis. To date there are no laboratory 
tests that can be used to make a definitive diagnosis 
of ADHD. [2 ' 3] Racemic (±)-rftreo-methylphenidate hy- 
drochloride [Ritalin® hydrochloride, methyl phenyl- 
(2-piperidyl)acetate] is a mild nervous system stimu- 
lant and is currently the most widely used drug for the 
treatment of children with ADHD. l4 ' 5] The psychosti- 
mulant properties of (±)-f/ireo-methylphenidate have 
been linked to its binding to a site on the dopamine 
receptor, resulting in inhibition of dopamine re-up- 
take and enhanced levels of synaptic dopamine. This 
stimulation is believed to regulate attention and im- 
pulsivity of ADHD in children. Racemic (±)-threo- 
methylphenidate, however, possesses side effects, 
e.g., anorexia, insomnia, weight loss, dizziness, dys- 
phoria, and has potential for substance abuse in pa- 
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tients, especially when administered intravenously 
or through inhalation as it produces an euphoric ef- 
fect. It has been postulated that the euphoric effect of 
(±)-tfireo-methylphenidate is primarily due to the ac- 
tion of l- or (2S,2 , S)-(-)-r/ireo-enantiomer. Enhanced 
relief for patients with ADHD was recently document- 
ed 161 with newly formulated d- or (2R&K)-(+)-threo- 
methylphenidate (Figure 1), while reducing side ef- 
fects and euphoric effects. Additionally, it has been 
shown that (2i{,2'^)-(+)-r/ireo-methylphenidate (1) is 
more potent in the induction of locomotor activity and 
has a higher affinity for the dopamine transporter 
than the (2S,2 , S)-(-)-^reo-enantiomer 2. [7] A recent 
report has demonstrated that pharmacological speci- 
ficity resides entirely in the (2R,2 i R)-(+)-threo- 
methylphenidate (1) and that the binding of the 
(2S,2'5)-(-)-r/ireo-enantiomer 2 in human brain is 
mostly non-specific. 181 This was further confirmed by 
positron-emission tomography (PET) images of hu- 
man brain after administration of [ n C]-(2/I,27i)-(+)- 
tfireo-methylphenidate and [ 11 C]-(25,2 , S)-(-)-r/ireo- 
methylphenidate, which showed that the [ n C]- 
(2/?,2' J R)-(+)-i/ireo-enantiomer concentrated in basal 
ganglia, where it binds to the dopamine transporter. 
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The [ li C]-(2S,2'5)-(-)-^rco-enantiomer did not bind, 
indicating that the (2rt,270-(+)-r/ireo-enantiomer 1 is 
the active form. [B] Thus, to segregate the desired 
pharmacological activities from side effects, there is 
a great interest for preparing enantiomerically pure 
(2/?,2 , ^)-(+)-^reo-methylphenidate hydrochloride 
(1) on a large scale. 

From the historical perspective, racemic methyl- 
phenidate was first synthesized (Scheme 1) in 1944 
by Panizzon 110,111 and was originally marketed as a 




H H 




C02CH 3 



(2R,2'RH"reo-Methylphenidate 



Cl> 




CC^CHj 



(2 S,ZS)- threo-Methylphenidate 
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(2S,2 , /?)-ery(/>ro-M8thylphenidate 
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Figure 1. 
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C02CH 3 



(2R.2'S)-ery</Jro-Methylphenidate 

4 



mixture of two racemates: 80% of (±)-erythro and 
20% of (±)-threo. Subsequent studies led to the dis- 
covery that the central stimulant activity was asso- 
ciated with only one, i.e., the (±)-threo racemate 111 " 
131 and that the (2 J R,2 , i?)-(+)-r/ireo-enantiomer was 
5 1131 to 38 ll4) times more active than the (2S,2\S)-(-)- 
f/ireo-enantiomer. The metabolic pathway for 
methylphenidate in dogs and rats has also been deli- 
neated. 1151 While the development of efficient routes 
for the synthesis of racemic (±)-r/ireo-methylpheni- 
date and its analogues for structure-activity relation- 
ship studies remains a topic of interest, 116 " 191 this re- 
view focuses only on the approaches reported to date 
for the preparation of enantiomerically pure (2/1,271)- 
(+)-f/ireo-methylphenidate hydrochloride (1). 



2 Methods for the Enhancement of 
Enantiomeric Purity of Enriched 1 

Enrichment of the enantiomeric purity of (2i?,27?)- 
(+)-tfireo-methylphenidate hydrochloride (1) was 
first reported by Patrick et aL by crystallization from 
a mixture of methanol and ether. m We (Novartis) also 
recently reported that the enantiomeric purity of 
(2i^27?)-(+)-tfireo-memylphenidate hydrochloride 
salt (1) was enhanced from 80% ee to >98% ee by re- 
crystallization from a mixture of methanol and r-butyl 
methyl ether (1:1.7 v/v). 1201 An enrichment of the en- 
antiomeric purity of 1 from this solvent mixture was 
then reported by Faulconbridge et aL l21] Thus, any 
approach which yields enriched (ZR,TR)-{+)-threo- 
methylphenidate hydrochloride (1) would afford en- 
antiomerically pure 1 after recrystallization from this 
solvent mixture, but at the cost of loss in yield. 



5 Approaches Using 
Enantiomerically Pure Precursors 
Obtained by Resolution 

The first preparation (Scheme 2) of enantiomerically 
pure (2^,2'/J)-(+)-r/ireo-methylphenidate hydrochlo- 
ride (1) was reported by R. Rometsch of former Ciba 
Pharmaceuticals (now Novartis). 112 ' 131 Enantiomeri- 
cally pure L-eryf/iro-2-phenyl-2-(2-piperidyl)aceta- 
mide (12), obtained by the resolution of (±)-erythro- 
2-phenyl-2-(2-piperidyl)acetamide (11) with d-(-)- 
tartaric acid in 96% ethanol, was subjected to epimer- 
ization to the desired (2i?,2 , /?)-r/ireo-2-phenyl-2-(2-pi- 
peridyl)acetamide (13) with aqueous ROH. (2R&R)- 
r/ireo-2-Phenyl-2-(2-piperidyl)acetamide (15), thus 
obtained, was converted to the desired (2Jt,27l)-(+)- 
r/ireo-methylphenidate hydrochloride (1) by hydroly- 
sis and esterification. This approach has recently 
been further optimized by Ramaswamy and Kheta- 
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(2fi t 2'R)-{+)-fhreo-methylphenidate (2/?.2 # R)-f/in9o-ritalinic (2R,2'R)-threo 



(a) C 2 H 5 OH, HC1 gas; (b) cK-)-tartaric acid, C 2 H 5 OH; (c) 50% KOH, reflux, recrystallization; 
(d)6NHCl; <e) CH 3 OH, HCI. 

(b) o-B-tartaric acid, CH 3 OH (40%); (c) (-BuOK, toluene, 70 «C (65%); (d) H 2 S0 4 ; (e) CH 3 OH, HCI (80%). 

Scheme 2. 
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ni [22,23] ReS oiution of (±)-erytfiro-2-phenyl-2-(2-pi- 
peridyl)acetamide (11) with D-(-)-tartaric acid in 
methanol also afforded a 40% yield of L-erythro-2- 
phenyl-2-(2-piperidyl)acetamide (12). Epimerization 
of L-eryt/iro-2-phenyl-2-(2-piperidyl)acetamide (12) 
with potassium terr-butoxide in toluene at 70 °C 
furnished (2/?,2^)-^reo-2-phenyl-2-(2-piperidyl)- 
acetamide (13) in 85% yield, which was converted to 
the desired methyl ester (2R,2'Ry(+ythreo-me\hy\- 
phenidate hydrochloride (1) by treatment with con- 
centrated sulfuric acid in refluxing methanol and 
HC1 salt preparation in 80% yield. 122,231 

Another synthesis of (2/{,2 , H)-(+)-r/ireo-methyl- 
phenidate hydrochloride (1) using an enantiomeri- 
cally pure starting material, D-pipecolic acid (15), 
was reported by Perel et aL (Scheme 3). 1241 Enantio- 
merically pure D-pipecolic acid (15) was obtained in 
37% yield by recrystallization of diastereomeric tar- 
trate salt, followed by the separation of the desired 
amino acid from tartaric acid by ion-exchange chro- 
matography. D-Pipecolic acid (15) was protected 
with a BOC group to afford TV-BOC-D-pipecolic acid 
(16) in 97% yield. The key amino ketone (18; 



Scheme 3) was prepared from W-BOC-D-pipecolic 
acid (16) in two steps involving its conversion to 
the W-methoxy-N-methyl amide 17, followed by the 
reaction of amide 17 with phenyllithium. The amino 
ketone 18 underwent a Wittig olefination with 
methyltriphenylphosphonium bromide in the pre- 
sence of potassium ierf-butoxide to give the alkene 
19 in high yield. The transformation of alkene 19 to 
the desired threo diastereomer of alcohol 20, via hy- 
droboration/oxidation, was critical to introduce the 
second stereogenic center. The threo isomer was fa- 
vored with non- and disubstituted boranes while the 
erythro alcohol was the major isomer in the pre- 
sence of monosubstituted thexylborane. Only the 
threo isomer was isolated by hydroboration of al- 
kene 19 with (+)-IPC-BH 2 in 55% yield. Hydrobora- 
tion with BH 3 -THF gave a 72:28 mixture of threo and 
erythro isomers, respectively, from which the threo 
alcohol 20 was isolated in the highest yield (64%) 
after chromatography. Oxidation of threo alcohol 20 
with PDC in DMF followed by esterification of the 
resulting acid 21 with diazom ethane, and //-BOC 
group deprotection with 3 N methanolic HC1 furn- 



Cr 

(±)-Pipecoltc acid 



BOC CH 2 



oPipecolic acid 
15 



BOC O 



BOC 



16 



i' 



BOC O CH 3 




(a^ m L-tartaric acid (ii) recrystallizaton (iii) ion-exchange chromat. (37%); (b) (BOC) 2 0, (C 2 H 5 ) 3 N (97%); 

(c) BOP (^2^5^^ CH 3 JThOCH j.HCI (93%); (d) PhLi (47%); (e) CH 3 PPh 3 Br, ,-BuOK (93%); (f) BH,THF. NaOH, H 2 0 2 

(64%); (g) PDC, DMF (100%); (h) (i) CH 2 N 2 (ii) HCI (67%). 

Scheme 3. 
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ished (2^ T 2 , /t)-(+)-^reo-methyipheiii(iate hydro- 
chloride (1) in 67% yield after recrystallization from 
ethanol/ether. 



4 Classical Resolution Approaches 

A resolution process is more attractive and economic- 
al if the undesired enantiomer can be recycled via ra- 
cemization. However, in the case of methylphenidate, 
such a racemization is challenging because there are 
two stereogenic centers which have to be epimerized. 
A method to affect the racemization at both stereo- 
genic centers has been demonstrated by refluxing a 
solution of (2i?,2 , K)-r/ireo-methylphenidate (1) with 
propionic acid in toluene to afford a mixture of four 
stereoisomers in roughly equal proportions. 1 
Although the exact mechanism has not been ascer- 
tained, it probably involves the opening of the ring 
via protonation of the piperidine nitrogen. The puta- 
tive olefinic intermediate has no chirality and re- 
closes to a racemic mixture. These results suggested 
that the recycling of the undesired enantiomer is pos- 
sible. 

4.1 Resolution of Amide and Acid Derivatives of 1 

Resolution of (±)-r/ireo-ritalinic acid hydrochloride 
salt with (5) - (-) - a-m ethy lb enzyl amine in a mixture 
of ethanol and water (95:5 v/v) gave the diastereo- 
meric salt enriched with (2ii,2 , J R)-t/ireo-ritalinic acid 
with 77% ee. [271 Ritalinic acid itself did not undergo 
any effective degree of resolution with any of a wide 
range of resolving agents. A novel double salt may 
have been formed from (±)-*/ircro-ritalinic acid hydro- 
chloride as a hydrate. Esterification and enrichment 
of the resulting enriched (2i?,270-r/ireo-methylphe- 
nidate hydrochloride with methanol and terr-butyl 
methyl ether would furnish 1 in high enantiomeric 
purity. 

Resolution of (±)-*/ireo-2-pheny]-2-(2-piperidyl)a- 
cetamide (8; Scheme 4), obtained by epimerization 



of a mixture of (±)-erythro- and (±)-tfireo-2-phenyl-2- 
(2-piperidyl)acetamides with potassium fert-butoxide 
in toluene at 70 °C, with dibenzoyl-D-tartaric acid (d- 
DBTA) in 2-propanol to afford (2i?,27{)-tfira>-2 : phen- 
yl-2-(2-piperidyl)acetamide dibenzoyl-D-tartrate salt 
(22) in 40% yield has also been achieved. 1251 The dia- 
stereomeric salt 22 would furnish enantiornerically 
pure 1 after hydrolysis and esterification. 

4.2 Resolution of (±)-*fcreo-Methylphenidate (10) 

Since racemic (±)-tfireo-methylphenidate hydrochlo- 
ride (10) is readily available, its resolution would 
provide a practical method for the preparation of en- 
antiornerically pure (2/J,2'7?)-(+)-^reo-methylpheni- 
date hydrochloride (1). The resolution of (±)~threo- 
methylphenidate (10) was first reported by Patrick et 
aL in 1987 using (i0-(-)-binaphthyl-2,2'-diyl hydro- 
gen phosphate (BNDHP) as the resolving agent 
(Scheme 5). m The (±)-r/ireo-methyiphenidate hydro- 
chloride (10) was first converted to the free base by 
treatment with aqueous sodium carbonate and ex- 
tracted with ether. Removal of ether furnished the 
(±)-tfireo-methylphenidate (10) free base. Resolution 
of the free base with BNDHP in a warm mixture of 
acetone and methanol (95:5) followed by cooling to 
5 °C gave the diastereomeric BNDHP salt 25 in 45% 
yield which was enriched with (2R,2 , R)-(^)-threo- 
methylphenidate. The enantiomeric purity of this salt 
23, as determined by GC, was 85-90%. A further re- 
crystallization of this crude salt with a mixture of ace- 
tone and methanol (98:2) increased the enantiomeric 
purity to 95 to 97%. Conversion of this diastereomeric 
BNDHP salt to the free base and HC1 salt formation 
with ethereal HC1 gave the crude (2Rfl'K)-(+)-threo- 
methylphenidate hydrochloride salt (1). A recrystalli- 
zation of this HC1 salt from methanol and ether furn- 
ished 1 in 99% enantiomeric purity. However, this 
method was found to be non-reproducible and furn- 
ished 1 with only 92.6% ee (2ii,27?:2S,2'S = 
96.5:3.7). 1281 Both of these reports lacked critical ex- 
perimental details, in particular the volume of the sol- 




CONH. 



{tyerythro + threo 
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(tythreo 
8 



CONH, 



[2R,2'R)-threo 
22 



(a) /-BuOK, toluene, 70 °C; (b) dibenzoyl-D-H-tartaric acid, 2-propanol (40%). 

Scheme 4. 
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vent used in the resolution and recrystallization steps. 
Subsequently, we (Novartis) reported that the resolu- 
tion of (±)-t/ireo-methylphenidate free base with 
BNDHP under the literature conditions (except un- 
known solvent volume) gave a diastereomeric salt 
with poor enantiomeric purity (2R,2 9 R:2S,2'S = 
62.8:37.2). After a detailed investigation, we (Novar- 
tis) discovered that the resolution of (±)-threo- 
methylphenidate free base in acetone-methanol mix- 
ture (98:2) with 0.5 equivalents of BNDHP, instead of 
1.0 equivalent, gave the diastereomeric salt in 31% 
yield with excellent enantiomeric purity 
(2R,2 t R:2S,2 i S = 100:0). 129,301 These results demon- 
strated a rare example where the use of 0.5 equiva- 
lents of the resolving agent gave excellent resolution 
compared to 1.0 equivalent of the same resolving 
agent. A practical process for the resolution of (+)- 
r/ireo-methylphenidate free base with 0.5 equivalents 
of BNDHP in a mixture of isopropyl acetate and 
methanol (85:15 v/v) was developed by us to afford 
the diastereomeric BNDHP salt (23; Scheme 5) of 
(2i?,2 , J R)-(+)-^rco-methylphenidate in 36% yield 
with excellent enantiomeric purity (2R,2'R:2S,2'S = 
99.2:0.8). 129,301 No extra recrystallizations were neces- 



sary to enhance the enantiomeric purity of the dia- 
stereomeric BNDHP salt This diastereomeric salt 
was then converted to enantiomerically pure 
(2 J R,2 , /?)-(+)-r/ireo-methylphenidate hydrochloride 
(1) by free base generation and HC1 salt formation in 
an overall yield of 31.4% with excellent enantiomeric 
purity (2/?,27?:2S,2'S = 99.9:0.1). To avoid a step for 
free-base generation, a direct resolution of the (±)- 
tfireo-methyiphenidate hydrochloride salt (10) with 
BNDHP in the presence of 4-methylmorpholine, 
which generates the free base in situ, in a mixture of 
methanol and water (1.6:1 v/v), was also reported to 
afford the (2/{,2'iJ)-(+)-^reo-methylphenidate 
BNDHP salt with excellent enantiomeric purity 
(2n\27J:2S,2'S = 99.1:0.9) and in 27% yield. 

Recently, resolution of (±)-f/*reo-methylphenidate 
(10) free base with (-)-menthoxyacetic acid in 2-pro- 
panol was reported by Zavareh (Scheme 6) to afford 
(-)-menthoxyacetate salt 24 of (2R J TR)-(+)-threo- 
methylphenidate in 47% yield and 98% ee. I31] 

Because both (i?)-(-)-binaphthyl-2,2 , -diyl hydrogen 
phosphate (BNDHP) and (-)-menthoxyacetic acid are 
relatively expensive, the search for a less-expensive 
resolving agent continued. Harris et al. reported the 
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(a) aq. NaOH; (b) (RJ-H-binaphthyW^'-diyl hydrogen phosphate (36%); 

(c) (i) aq. NaOH, /-PrOAc (ii) cone. HCI (iii) water-conc. HCI (recrystallization). 
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2. di-p-toluoyl-D-tartaric 
acid 



(44%) 



{±)-(/rreo-methylphenidateHCI 



Scheme 7. 
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(±)-mreo-methyl 
phenidateHCI 
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(a) dibenzoyl-D-(-)-tartaricacid, 4-methylmorpholine. CH 3 OH-water (44%); (b) (i) aq. NaOH, /-PrOAc 
(ii) cone. HCI (iii) water-conc. HCI (recrystallization). 



Scheme 8. 



resolution of (±)-r/ireo-methylphenidate (10) free base, 
generated from the HCI salt by base treatment, with 
the cheaper 0,0 -di-p-toluoyl-D-tartaric acid in ace- 
tone containing 2% of methanol (Scheme 7). 1281 It af- 
forded the 0,0 '-di-p-toluoyl-D-tartrate (d-DPTTA) salt 
25 of (aR,2 , 7?)-(+)-i/ireo-methylphenidate in 44.3% 
yield and 97% ee. The enantiomeric purity of this salt 
was further enhanced to >99% ee and in 92% recovery 
by reslurrying it in acetone containing 2% of metha- 
nol. We (Novartis) also reported an efficient and large 
scale resolution of the (±)-tfireo-rnethylphenidate hy- 
drochloride salt with the much cheaper 0,0'-diben- 
zoyl-D-tartaric acid (Scheme 8). l32 ' 33] An advantage of 
these new conditions was that the (±)-f/zreo-methyl- 
phenidate hydrochloride salt (10) was used directly 
for the resolution, thus avoiding the necessity for the 
generation of the free base. Thus, a direct resolution 
of (±)-tfireo-methylphenidate hydrochloride salt (10) 
with 1.0 equivalent of 0,0-dibenzoyl-D-tartaric acid 
in the presence of 1.0 equivalent of 4-methylmorpho- 
line in a mixture of methanol and water (2:1 v/v) af- 



forded O^'-dibenzoyl-D-tartrate (d-DBTA) salt 26 of 
(2 J R,2 , J R)-(+)-r/irco-methylphenidate in 38% yield with 
excellent enantiomeric purity (2fl f 27fc2S,2'S = 
99.54:0.46). The yield was further increased to 44%, 
without any loss of enantiomeric purity, by cooling the 
mixture to 0 °C. The 0,0 '-dibenzoyl-D-tartrate salt of 
(2i?,2^)-(+)-r/ireo-methylphenidate was then con- 
verted to (2/?,2^)-(+)-t/ireo-methylphenidate hydro- 
chloride (1) in 40% overall yield (from 10) with excel- 
lent enantiomeric purity (2*,27{:2S,2\S = >99.9:<0. 1). 



5 Enzyme-Based Resolution 
Approaches 

The resolution of (±)-*/ireo-methylphenidate (10) free 
base by enantioselective enzymatic hydrolysis was 
first reported by us (Novartis) (Scheme 9). 1201 a-Chy- 
motrypsin and subtilisin carlsberg exhibited selectiv- 
ity towards the hydrolysis of the (2i?,27?)-enantiomer. 




atpha-chymotrypsin H 



C0 2 CH 3 P^phate buffer 




(±)-f/)reo-methylphentdateHCl 



{2R,2R)-threo {±)-threo 



30% 



HCI 



16% 



2. aq. Na 2 C0 3 

3. HCI 




C0 2 CH 3 




Scheme 9. 
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Scheme 10. 




nitrite hytiratsse/ 
amidase 



COjH 



(2R,2'R)-tf?reo 
14 




CONK, 



Hydrolysis of (±)-f/ireo-methylphenidate (10) free 
base with a-chymotrypsin in pH 7.0 phosphate buffer 
furnished a heterogeneous mixture from which en- 
antiomerically pure (2S,2'S)-(-)-r/ireo-methylpheni- 
date hydrochloride (2) was isolated in 50% yield with 
>99% ee after extractive work-up and conversion of 
the free base to the HC1 salt. The solid, which precipi- 
tated during the enzymatic hydrolysis in 30% yield, 
was identified as racemic (±)-tfireo-ritalinic acid. It 
was formed as a result of the hydrolysis of some of 
the (2S,2'S)-enantiomer. The (2ii,27i)-r/ireo-riUlinic 
acid (14) was highly soluble in the aqueous medium 
and did not precipitate. It was isolated from the aqu- 
eous layer by lyophilization, esterification with 
methanol, and basic work -up to afford (2/?,27?H+)- 
tfireo-methylphenidate (1) free base in 80% ee. Treat- 
ment of this free base with HC1 gas followed by re- 
crystallization of the resulting HC1 salt from a mixture 
of methanol and i-butyl methyl ether (1:1.7 v/v) af- 
forded (2i?,27?)-(+)-*/ireo-methylphenidate hydro- 




{tyerythro 
39 

(a) (RH-phenyl-2-oxazolidinone, pivaloyl chloride, Et 3 N, toluene (78%); (b) i) /vBu 2 BOTf, DIEA, CH 2 C1 2 or 
toluene, -20 °C to RT, ii) 30% H 2 0 2 MeOH (78%); (c) M^O, CgHgN, 0 e C or MsCI, Et 3 N (92%); (d) NaBH„ 
THF-H 2 0, 0 °C to RT (91%); (e) PhCH 2 NH 2 (10 eq.). 85 e C, 3 h (60%); (f) H 2 , 10% Pd-C, EtOH (92%); (g) 
(BOC) 2 0, THF (82%); (h) NalO„ RuCl 3 *H 2 0, CH 3 CN, H 2 0, CCI 4 (80%); (i) MeOH, HCI, 50 °C, overnight 
(70%); 0) MeOLi, MeOH, 0 °C (50%). 



Scheme 11. 
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chloride (1) in 16% yield and >98% ee. Thus, the dif- 
ferences in the solubilities of the (±)- and (2/1,271)- 
r/ireo-ritalinic acids in the aqueous medium led to se- 
lective crystallization of the former during enzymatic 
hydrolysis and made their separation possible. Simi- 
lar results were obtained using subtilisin carlsberg 
as the enzyme yielding (2/?,27?)-(+)-r/ireo-methyl- 
phenidate hydrochloride (1) in 15% yield with >98% 
ee, and (25,2 , 5)-(-)-f/ireo-methylphenidate hydro- 
chloride (2) in 26% yield with >99% ee. 

Enzymatic hydrolysis of (+)-*/treo-methyiphenidate 
(10) free base with an esterase/lipase enzyme, ob- 
tained from various microorganisms, was also re- 
ported by Zeitlin et a! 1341 to furnish (27i,27?)-(+)- 
rfcreo-methylphenidate in 96% ee. (±)-rrarcs-7-Phen- 
yl-l-azabicyclo[4.2.0]octan-8-one (27) was also hy- 
drolyzed using a lactamase enzyme in pH 7 phos- 
phate buffer (Scheme 10) to afford {2R,TRythreo- 
ritalinic acid (14) with >96% ee. (2K,2'7J)-rftreo-Ritali- 
nic acid (14) was also obtained by hydrolysis of (+)- 
rfcreo-2-phenyl-2-(2-piperidyl)acetamide (8) with 
amidase or (±)-i/ireo-2-phenyl-2-(2-piperidyl)aceto- 
nitrile (28) using a nitrile hydratase and amidase en- 
zymes in 98% ee. [34] (2i^27Q-tfireo-Ritalinic acid 
would furnish (2iJ,27?)-r/ireo-methylphenidate hy- 
drochloride 1 after esterification and HC1 salt forma- 
tion. 



6 Enantioselective Synthesis 
Approaches 

We (Novartis) reported the first enantioselective 
synthesis of (2/{,2 , J ft)-(+)-r/ireo-methylphenidate hy- 
drochloride (1), which involved an asymmetric aldol 
condensation of 5-chlorovaleraldehyde with the (Z)- 
boron enolate derived from A^-phenylacetyl-(i?)-4- 
phenyl-2-oxazolidinone (29) as the key step to gener- 
ate both stereogenic centers of 1 with desired abso- 
lute configuration (Scheme 11). [351 

Reaction of 5-chlorovaleraldehyde with the (Z)- 
boron enolate derived from 7V-phenylacetyl-(ii)-4- 
phenyl-2-oxazolidinone (29) afforded the desired sin- 
gle diastereomer 50, as confirmed by l H NMR, in 78% 



yield. Mesyiation of 50 with either methanesulfonic 
anhydride and pyridine in dichloromethane or 
methanesulfonyl chloride and triethylamine in tolu- 
ene yielded the mesylate 51 in 92% yield. Attempts to 
construct the piperidine ring by the cyclization of 51 
to 57 by treatment with benzylamine at 85 °C gave a 
complicated mixture. It was postulated that the unde- 
sired ring opening of the 2-oxazolidinone by benzyla- 
mine and the steric bulk of this chiral auxiliary may 
be responsible for this unexpected outcome. Alterna- 
tively, the methyl ester 58 underwent cyclization with 
benzylamine, however, the product was character- 
ized to be (±)-eryt^o-methylphenidate 59. These re- 
sults could be explained based on the elimination of 
the mesylate, which destroyed both stereogenic cen- 
ters to furnish the a,p-unsaturated ester intermedi- 
ate, which then underwent a Michael addition with 
benzylamine, followed by cyclization. To circumvent 
this problem, the methyl ester group was replaced 
with the corresponding alcohol function prior to the 
cyclization, which could be oxidized back to the de- 
sired carboxylic ester functionality afterwards. Re- 
ductive removal of the chiral auxiliary in 51 with so- 
dium borohydride in THF and water yielded the 
desired alcohol 52 in 91% yield. Treatment of alcohol 
52 with benzylamine at 85 °C afforded the desired pi- 
peridine intermediate 35 in 60% yield. Hydrogenation 
of 55 with 10% Pd-C in ethanol furnished the amino 
alcohol 54 in 92% yield, which was acylated with di- 
terr-butyl dicarbonate to afford the TV-BO C-protected 
alcohol 55 in 82% yield. Oxidation of alcohol 55 with 
NaI0 4 and RuCl 3 furnished the acid 36 in 80% yield. 
Treatment of acid 56 with methanol in the presence 
of HC1 gas at 50 °C gave the desired (2/?,27?)-(-t-)- 
/frreo-methylphenidate hydrochloride (1) in 70% 
yield. The enantiomeric purity of 1 was >99% ee and 
the overall yield from phenylacetic acid was 13% 
after 9 steps. 

Winkler et al. reported 136 " 371 an enantioselective 
synthesis of (2if,2 , i?)-(+)-^reo-methylphenidate hy- 
drochloride (1) based on the rhodium-mediated C-H 
insertion of methyl phenyldiazoacetate (40) with N- 
BOC-piperidine (41). Thus, reaction of methyl phe- 
nyldiazoacetate (40) with 7V-BOC-piperidine (41; 




40 



41 




(a) Rh 2 (5R-MEPY) 4 , cyclohexane, 50 °C; (b) HCI, CH 3 OH 
or 

(a) Rh 3 (S-biDOSP) 2 , 2,3-dimethoxybutane, RT; (b) TFA 



Scheme 12. 
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Scheme 12) in cyciohexane at 50 °C in the presence of 
1 mol % of Rh 2 (5/?-MEPY) 4 led to the selective forma- 
tion of A^-BOC-D-f/ireo-methylphenidate (42) in 
64.5% yield. Deprotection of 42 with HC1 gas in 
methanol furnished crude (2R&R)-(+ythreo-me1hy\- 
phenidate hydrochloride (1) in 68.5% yield with 94% 
de and 69% ee. Two recrystallizatibns of this crude 
product from a mixture of ethanol and diethyl ether 
(1:1 v/v) gave 1 in 26% yield with 95% de and >95% 
ee. 

Independently, Davies et al. [381 also reported the 
same approach as described above by Winkler et al. 
The Rh 2 (S-DOSP) 4 -catalyzed decomposition of meth- 
yl phenyldiazoacetate (40) in the presence of 7V-BOC- 
piperidine (41, 4 equivalents) in 2,5-dimethylbutane 
at room temperature, followed by treatment with tri- 
fluoroacetic acid, resulted in the formation of a mix- 
ture of threo- and erytfiro-methylphenidate in 49% 
yield. However, the t/ireo-isomer was the minor dia- 
stereomer and was formed in only 34% ee. A major 
improvement in enantioselectivity and (^stereo- 
selectivity was achieved by carrying out the reaction 
with the Rh 2 (S-biDOSP) 2 catalyst. The ratio of threo 
to erythro isomers was improved to 2.5:1 (73% yield), 
respectively. The (2/i,27i)-tfira>-isonier was formed 
in 86% ee and isolated in 52% yield. 

Matsumura et.al [39l40] described a convenient 
method for the preparation of (2R,2*R)-{+)-threo- 
methylphenidate (1) free base starting from the easily 
available 7V-methoxycarbonylpiperidine (43; 
Scheme 13) involving a highly stereoselective cou- 
pling reaction of the a-methoxylated carbamate 44 
with the Evans imide 45 as the key step. An electro- 



chemical a-methoxylation of 43 in methanol afforded 
the TV-protected a-methoxypiperidine 44 in 85% 
yield. The C-C bond forming reaction between 44 
and 45 was successfully achieved by using a combina- 
tion of TiCU and diisopropylethylamine (DIPEA) to 
give the coupled product 46 with high diastereo- and 
enantioselectivity. The configuration of 46 was deter- 
mined at the stage of 47 and 1 by chiral stationary 
phase HPLC analysis. The ratio of erythro-M to 
threoAl was 5.3:94.7 and the ee of the threo isomer 
was 99.6%. The predominant formation of the 
(2/*,27?)-isomer formation suggested that the reac- 
tion might proceed through a coordinated intermedi- 
ate in which the acyliminium ion generated from 44 
approaches the thermodynamically stable Z-form of 
the titanium enolate generated from 45 from the si 
face. Treatment of the carbamate 46 with LiOH in 
the presence of H 2 0 2 , followed by the treatment of 
the resulting acid with CH 2 N 2 , furnished the methyl 
ester 47 in 54% yield. The deprotection at the 7V- 
methoxycarbonyl group with (CH 5 ) 3 SiI afforded 
(27?,2 , i?)-(+)-^reo-methylphenidate (1) free base in 
75% yield. 

Fox et aL [41,421 reported an approach involving an 
intramolecular Michael addition as the key step 
(Scheme 14) and utilizing (S)-a-methylbenzylamine 
as the chiral auxiliary, towards a potential synthesis 
of (2/?,2' J R)-(+)-^reo-methylphenidate (1) free base. 
Ring opening of glutaric anhydride (48) with (S)-a- 
methylbenzylamine (49) furnished the acid 50. Re- 
duction of 50 afforded the amino alcohol 51 in 78% 
yield. Protection of the secondary amine with 
(BOC) 2 0 followed by Swern oxidation gave the alde- 



C0 2 CH 3 



43 



44 



TV 

45 ff 



C0 2 CH 3 Ph 




47 



H Ph 



C0 2 CH 3 



1 (free base) 



(a) 2 3 F/mol of electricity in CH 3 OH containing (C 2 H 5 ) 4 NBF 4 , (85%) (b) TiCI 4) DIPEA, 

CH^CI* -78 °C to RT; (c) LiOOH, THF-water, RT; (d) CH 2 N 2 , ether, RT (54% from 45); (e) (CH 3 ) 3 Sil ( 

CH 2 CI 2t RT (75%). 



Scheme 13. 
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hvde 53 in 68% yield. Horner-Wadsworth-Emmons 54 in the presence of lithium diethylamide m THF led 
olefmation of 55 afforded the a.P-unsaturated ester to the cyclization of only one regioisomer to give a 2:1 
54 as a mixture of geometrical isomers. Treatment of mixture of diastereomers 55. As four diastereomers 
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HO 
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HO 
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52 




BOC_d CH 3 0 2 C . 



Ph^^CH 3 
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Ph 



BOC e 



X 



54 



Hs °Y 



CO^e 



a** 



(2:1 diastereomeric mixture) 
55 



(a) reduction (78%); (b) (BOC) 2 O t THF-2 M NaOH (89%); (c) DMSO, oxalyl chloride, 
(C 2 H 5 ) 3 N (68%); (d)(i) methyl 2-bromophenylacetate, triethylphosphite (ii) NaHMDS, THF (66%); 
(e) (i) TFA (ii) (CjH^N (iii) lithium diethylamide, THF, -78 °C; (f) hydrogenation. 



Scheme 14. 
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58 
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(a) W./V'-carbonyldimidazole, THF; (b) PhCH 2 C0 2 CH 3 , LDA (66.4%); 
(c) [Rul(p-cymene)(S)-binap]l. cat. tin chloride, camphoMO-sulfonic acid, H 2 , CH 3 OH, 
80 *C (87.4%); (d) p-toluenesulfonyl chloride, pyridine, cat. DMAP (61. 6%); (e) H 2 . 
5% Pd-C; (f) KjCOj, CH 3 OH (77.5%). 

Scheme 15. 
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could be produced in this cyclization, this represents 
good (^stereoselectivity. The diastereomeric mixture 
55 was hydrogenated to afford a diastereomeric 
mixture of 1. Neither the enantiomeric purity nor 
the characterization of the diastereomers was re- 
ported. 

Another potential approach towards 1 was reported 
by Seido et al 1431 utilizing an asymmetric reduction of 
the ketone (57; Scheme 15) as the key step. Acylation 
of the lithium enolate of methyl phenylacetate with 
the imidazolide, obtained by treatment of the acid 56 
with NJV '-carbonyldiimidazole, gave the ketoester 57 
in 66.4% yield. Asymmetric reduction of 57 with 
[Rirf(/>-cymene)(S)-binap]I, tin chloride, and cam- 
phor- 10-sulfonic acid in methanol at 80 °C afforded 
the alcohol 58 as a mixture of syn and anti forms in 
87.4% yield. The ratio of syn to anti isomers was 
76.5:23.7 and the enantiomeric purity of each form 
was 95.6% ee and 97.8% ee, respectively. Tosylation 
of 58 with p-toluenesulfonyl chloride and pyridine in 
the presence of catalytic amounts of DMAP yielded a 
diastereomeric mixture of tosylate 59 in 61.8% yield. 
Deprotection of the N-Cbz group in 59 by hydrogena- 
tion over 5% Pd-C followed by cyclization of the re- 
sulting amino tosylate 60 with potassium carbonate 
in methanol furnished methylphenidate as a mixture 
of erythro and three isomers in a 7:3 ratio and 77.5% 
yield. 



7 Approaches Based on 
Enantioselective Synthesis of 
(2S,2'i?)-errr/iro-Methylphenidate 
and Epimerization 

Because epimerization of (2S,270-eD^o-2-phenyl- 
2-(2-piperidyl)acetamide (12; Scheme 2) at the 
benzylic stereogenic center is known to afford 
(2 J R,2' J R)-r/ireo-2-phenyl-2-(2-piperidyl)acetamide 
(13), enantioselective synthesis of (25 ,2'fl)- erythro - 
methylphenidate (3) would provide a feasible ap- 
proach to (2^,2 , J R)-(+)-^reo-methylphenidate (1) 
after epimerization. 

We (Novartis) reported 1441 an enantioselective 
synthesis of (2S,27?)-eo^ro-methylphenidate (3) uti- 
lizing Evans (S)-4-benzyl-2-oxazolidinone chiral aux- 
iliary to control the diastereofacial selectivity in the 
hydrogenation of enamine intermediate (65; 
Scheme 16). Acylation of (S)-4-benzyl-/V-phenylace- 
tyl-2-oxazolidinone (61) with the mixed anhydride 
65, followed by deprotection of the iV-Boc group with 
TFA, and neutralization of the reaction mixture with 
NaHC0 3 afforded the enamine intermediate 65. Hy- 
drogenation of enamine 65 with 10% Pd-C in ethyl 
acetate furnished 66 in 95% yield with an excellent 
diastereoselectivity (97:3). Treatment of 66 with 
methanol in the presence of Lnl 3 afforded the desired 



PtT XXLH + HN 



CC0 2 H 
-ft 



62 






(a) f-BuCOCI, EtjN, PhCH,, 80 *C, 12 h (85%); (b) f-BuCOCI, Et,N. PhCH,. RT, 4 h 
(100%); (C) LiHMDS. THF. -78 'C to RT, 4 h; (d) i) TFA. CH 2 CI„ 0 >C to RT 4 h ii) MbHOO, 
(30% in two steps); (b) 10% Pd-C, BOAc, RT, 24 h (95%); (f) MeOH, Lnl„ THF, RT, 16 h (B5 A). 

Scheme 16. 
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(a) H 2 , 5% Pd/C, CK,OH (93.9%); (b) H 2 , [Ru!(p-cymene)((R)-HB-binap)], CH 3 OH, 
HCI, 50 °C (98.7%). 



Scheme 17. 

(25,2'/?)-eo^^ r °- inetn y 1 P henidate ( 3 ) ^ 85 % yi eld * 

The enantiomeric purity of 3 was excellent 
(2S,2'R:2R,2'S = 97:5). 

Another synthesis of (2S,2 , if)-eryt/iro-methylpheni- 
date (5) was reported by Seido et al. (45] involving 
asymmetric hydrogenation of enamine 67 as the key 
step (Scheme 17). Deprotection of the TV-Cbz group 
in ketoester 57 by hydrogenation over 5% Pd-C gave 
the enamine 67 in 95% yield. Asymmetric hydrogena- 
tion of 67 with [RuI(p-cymene)((/?)-H8-binap)] in 
methanol containing HCI at 50 °C furnished (2S,27i)- 
er)tfkro-methylphenidate (5) in 98.7% yield and the 
ratio of erythro to threo diastereomers was 99:1. The 
enantiomeric purity of the erythro isomer was 99.4% 
ee. Hydrogenation using (J?)-Tol-BINAP as the ligand 
afforded a mixture of erythro and threo isomers in a 
99.1:0.9 ratio, respectively, which was epimerized to 
a 26.6:73.4 mixture of erythro to threo isomers, re- 
spectively, with 88.8% ee of the threo isomer. 



8 Conclusions 

After the first preparation of enantiomerically pure 
(2i?,2V?Hfcreo-methylphenidate hydrochloride (1) in 
1958, it is only recently that a great deal of interest 
has been demonstrated in the synthesis of this mole- 
cule. Various approaches to the preparation of enan- 
tiomerically pure (2i?,2. J R)-(+)-f/ireo-methylpheni- 
date hydrochloride (1) are reviewed. These 
approaches include synthesis using enantiomerically 
pure precursors obtained by resolution, classical and 
enzyme-based resolution approaches, enantioselec- 
tive synthesis approaches, and approaches based on 
enantioselective synthesis of (2S,2 , R)-erythro- 
methylphenidate followed by epimerization at the 2- 
position. Classical resolution approaches have been 
successfully upscaled to produce 1 on a multi-kilo- 
gram scale due to the ready availability of racemic 
(±)-r/ireo-methylphenidate hydrochloride (10). While 
some enantioselective approaches are short, they do 
not provide 1 of the desired enantiomeric purity ne- 
cessary for drug development. Enantioselective 
synthesis approaches to produce 1, however, will be- 

Adv. Synth. CataL 2001, )4), 379-392 



come viable, particularly those based on approaches 
reported by us (Novartis), [351 Matsumura, 139 ' 401 and 
Seldom 
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PROCESS FOR THE PREPARATION OF D-THREO- ( R , R ) -METHYL PHENIDATE AND 
RECYCLING OF UNDESIRED ENANTIOHERS BY EPIMERISATION 

Field of the Invention 

This invention relates to an economic process for the manufacture of a single 
isomer of methylphenidate. 
Baqkgrpynd tQ the Invents 

Methylphenidate is a therapeutic agent that is widely used in the treatment of 
attention-deficit hyperactivity disorder. It is a controlled substance. 

Methylphenidate was first prepared as a mixture of the erythro [R*S*] and 
threo [R*R*] racemates. US-A-2957880 discloses studies upon the two racemic 
mixtures, which revealed that the therapeutic activity resides in the threo 
diastereoisomer. It is now considered that it is the d-threo [or (/?,/?)] enantiomer that 
has the preferred therapeutic activity. Uses of this enantiomer are disclosed in 
PCT/GB96/01688, PCT/GB96/0I689 and PCT/GB96/01690, the contents of which 
are incorporated herein by reference. 

The resolution of //freo-methylphenidate can be achieved using the expensive 
resolving agent 1 , 1 '-binaphthyl^'-diyl hydrogen phosphate, a process first reported 
by Patrick et al. The Journal of Pharmacology and Experimental Therapeutics, 
241:152-158 (1987). A more efficient resolution, using a 0,0'-diaroyltartaric acid, 
is disclosed in PCT/GB97/00185, the contents of which are incorporated by 
reference; in particular, the use of t^O'-di-p-toluoyltartaric acid allows the 
diastereoisomeric salts to be very readily separated. 

In an alternative approach, disclosed in US-A-2957880, the amide of erythro- 
methylphenidate (i.e. as -CONH 2 instead of -C0 2 Me) is resolved using tartaric acid. 
However, this resolution must be followed by amide hydrolysis, and equilibration 
at the benzylic centre, to give the threo isomer of the carboxylic acid (ritalinic acid) 
which is esterified. US-A-2957880 describes a general process for conversion of 
erythro diastereoisomers to threo diastereoisomers, using alkali and elevated 
temperature. 

In order to establish an economic resolution process, it is highly desirable to 
be able to recycle the unwanted enantiomer into the resolution by way of a 
racemisation. This becomes especially important when the resolution is performed 
late in a synthesis. An example of such a resolution and racemisation procedure is 
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in the case of naproxen where the single stereogenic carbon centre, which is benzylic 
and further activated by the carboxylate, is readily racemised. However, in the case 
of methylphenidate, there are two stereogenic centres. While one centre is similarly 
benzylic and can be cpimerised as indicated in US-A-2957880, that converts the 
5 material into a mixture of two diastereoisomers and not into the racemate that is 
required for recycling. 

Swninwy of the Invention 

This invention is based on the discovery of methods to effect racemisation of 
both chiral centres of methylphenidate. This process gives an optically inactive 

10 mixture of stereoisomers in which equilibrium may favour the threo isomer; the 
result is that undesired enantiomer is converted predominantly into the racemate of 
the threo isomer which can then be reintroduced into the resolution. The overall 
process of a combination of resolution and racemisation that may allow complete 
conversion into the required isomer is outlined in Scheme 1. The erythro isomer 

15 that may remain after the racemisation can be separated by conventional methods 
such as crystallisation at this stage and subjected further to the epimerisation 
conditions defined below. Alternatively, it can be recycled after passage through 
resolution of the threo isomer. 




racemate racemization 



Scheme 1 



30 
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Description of the Invention 

In Scheme I , the group X may be the -COzMe function of methylphenidate. 
Resolution of this compound may be carried out by generally known procedures, e.g. 
by formation of a diastereoisomeric salt with a chiral acid. Alternatively, the 
5 resolution may be a biotransformation that modifies the group X in one enantiomer 
so that the enantiomers (of different compounds) are then readily separated. 

This invention includes the means to effect racemisation at both stereogenic 
centres. It has been discovered that such racemisation can be carried out by way of 
activation at the piperidine nitrogen, which probably promotes a fragmentation of the 

10 ring, although the exact mechanism has not been ascertained. The putative olefinic 
intermediate has no chirality and recloses to a racemic mixture. 

There are various ways in which the nitrogen may be activated, to promote 
the elimination-addition mechanism. One approach is treatment with an acid, for 
example a carboxylic acid, at a sufficiently high temperature, such as heating with 

15 propionic acid, e.g. under reflux. This reaction is suitably conducted in an inert 
solvent such as toluene. The racemisation can optionally be accelerated by the 
judicious addition of amounts of additives such as water or inorganic salts that will 
favour the charge separation in the transition state of the elimination. This reaction 
may also be promoted by the addition of an aldehyde or ketone (e.g. butyraldehyde 

20 or 2-cyclohexen- 1 -one) . 

As indicated above, conditions are known that will epimerise e/yr/iro-ritalinic 
acid at the benzylic centre only. On the basis of the evidence herein, it will readily 
be apparent to the man of ordinary skill in the art that conditions can be adopted, in 
order to give all 4 stereoisomers of methylphenidate, by racemisation at both chiral 

25 centres. 

Following racemisation, and prior to resolution, it is necessary to enrich the 
mixture in the thrco enantiomers. For example, the racemic methylphenidate is 
hydrolysed, e.g. using base such as alkali metal hydroxide. This can be done such 
that there is also epimerisation. Work-up with acid gives predominantly threo 
30 ritalinic acid (X = C0 2 H), which can be esterified, e.g. by reaction with methanol, 
to give the appropriate substrate for resolution.. Alternatively, the erythro isomers 
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can be separated by precipitation, and then subjected to sequential epimerisation, 
esterification and resolution. 

The following experiment was conducted in order to illustrate the feasibility 
of racemisation. 

Propionic acid (2 ml) was added to a solution of d-rAreo-methylphenidate (5 
g) in toluene (25 ml), and the solution was heated under reflux for 4 hours. The 
mixture was then cooled to ambient temperature, and was rinsed with dilute sodium 
carbonate and then with water. The organic phase was separated and dried with 
magnesium sulphate and evaporated under reduced pressure. The resulting oil (4.3 
g) was analysed by chiral HPLC which indicated the presence of all 4 stereoisomers 
of methylphenidate in roughly equal proportions. 

In order to preparing <i-//*reo-methyphenidate by an efficient recycling 
process, the following protocol is adopted: 

1) Resolve <//-//jre<?-methylphenidate by the procedure described in the Example 
of PCT/GB97/00185. 

2) Racemise the residual /-r/*reo-methylphenidate by the procedure described in 
the experiment above. 

3) Hydrolyse the resultant racemic methylphenidate using 50% KOH and heating 
at reflux. 

4) Esterify the resultant mixture of enantiomers, enriched in rf/-/Areo-ritalinic 
acid, by reaction with MeOH and HC1. 

5) Isolate the free base and recrystallise, to obtain essentially pure dl-threo- 
methylphenidate, suitable as a feedstock for resolution into constituent 
enantiomers. 
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CLAIMS 

1. A process for obtaining a single enantiomer, d or /, of rtireo-methylphenidate, 
which comprises resolution of a mixture of the enantiomers; racemisation of the 
unwanted enantiomer, to give a mixture of all four stereoisomers; and separation of 
the erythro stereoisomers, to leave the said mixture of enantiomers for resolution. 

2. A process according to claim 1 , wherein the single enantiomer obtained is the 
d-threo isomer, i.e. the isomer of (R,R) absolute configuration. 

3. A process according to claim 1 or claim 2, wherein the racemisation 
comprises heating the unwanted enantiomer with a carboxylic acid. 

4. A process according to any preceding claim, wherein the separation is 
conducted following hydrolysis of the mixture of stereoisomers, to give ritalinic acid, 
and before or after re-esterification of the acid. 

5. A process according to claim 4, which additionally comprises equilibrating 
the product of hydrolysis such that the rhreo diastereoisomer is preferentially 
obtained. 

6. A process according to any preceding claim, wherein the resolution is 
conducted using a chiral acid. 

7. A process according to claim 6, wherein the acid is O, O '-diaroyltartaric acid. 
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